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(54) Title: A MFHiOD AND SYSTEM FOR PAITKRN RECOGNITION AND PROCESSING 
(57) Abstract 



The present rrkvcniion 
provides a method and system 
(I) foi partem rcco^ition and 
processing. Information icprcscn- 
larive of phystc^^l characteristics 
or representations of physical 
characicrisdcs is ijansformed into 
Fourier scfies^ in FcwricV space 
(12) within an input context of 
the physical chaiacteiisiics that 
encoded in time as delays 
concsponding to modulation of 
ibc Fourier series at corresponding 
frequencies. Associations (14) 
arc formed between Fourier series 
by filtering the Fourier scries 
and by using aj^pectral similarity 
between the fihcfcd Fourier $cric5 
to dctemiine the association based 
on Poissoniaa probability. The 
associated Fourier scries arc added 
to foira strings (16) of Fourier 
series. Each string is ordered by 
filtering it with multiple selected 
filters to form multiple lime order 
fonmatted subset Fourier series, and 
by establishing ihe onjer through 
associations wriili one or more 
initially ordered strings to form an 
ofdcicd siring. Associations are 
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A METHOD AND SYSTEM FOR PATTERN RECOGNITION AND 

PROCESSING 

5 gr<??s Referrnrc lo RH.,/.h Aj )^ii=^^^^jj^ 

This appJicaiion claims ,he benefit of United Slates provisional 
apphc^on Serial No. 60/068.834. filed Deceniber 24. ,997 



ID 



Bac^Pfonnfl Of the ^^r^'jm 



Attempts have been made to create pattern recognition systems 
using programming and hardware The state r,f iho , . T. 
npic M,.,. »i includes neural 

nets. Neural nets typically comprise three layers-an input layer a 
hidden layc, and an output layer. The hidden layer comprises a s ries of 

output. Output for a given input is compared to ,hc desired output and a 
back projection of the errors is carried out on the hidden layer by 

until a tolerable result ,s obtained. The strategy of neural nets is 
X:r.o';" r"^ " ^^-^^^ Cls are 

bel fml ' .""^'"'^•P^'^^ -<=f»' -«P"t or discover associations 
between multiple mputs and outputs. Their usefulness .0 create novel 

2 5 ""7'"^' - "-"cd; thus, advances in pattern recognition 

2 5 systems using neural nets is limited. 

SUMMARY O F THR INVI^ ^mnfa 

^r^r TpT"" ^"-'^^"^ "-""^"^ ^"'--^on in 

The system of the present invention includes an Input Layer for 
receiving data representative of physical characteristics or 
representations of physical characteristics capable of transforming the 
data mto a Fourier series in Fourier space. The data is received within an 
Z er'"' "'''"^"•^•'^^ P-^y-al Characteristics that ir 

encoded ,n time as delays corresponding to modulation of the Fourier 
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ail Associaiion 1 aver ih», ■ ''^^ includes 

'•-^ycr mat receives a oluraliiu r>f .k~ r • 

Fourier space including at T ^ ■» 

H ^ inciuamg at least one ordered Fourier series from .h^ 
• memory and forms a «frJ.»« • • """^j scnes irom the 

components of ihe svsii-m ^ 6 mc memory. The 

•I- data This aslj^of .H ^ ^^o^-'-g 

parameters of atT ^wo PoT"''" "^"'^"^ "^'^ - 

<he Fourier 1 components in Fourier space, adding 

«ne louricr components to form at l<"»«t i,^^ r • -"""ng 

tnarp ti,„ r- ■ f ouner series in Fourier 

Fourier seric/^T/ . , - ^'"^ " '"'"^^ '° ^ ^^Pled 

space w,ih the filter to form a modulated Fourier series Thk .J r 

of »*r.d F„„™, seLr ™f j~c, " 
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sclcc e.l set of fillers s.orcd in ,he memory. Thi. aspect also includes 

samphng the siring with the filters such that each of the filters produce a 

sampled I-ouricr scries. Each Fourier series comprises a subset of the 

strme. This aspect also includes modulating each of the sampled Fourier 

scnes ,n Founer space wi,h the corresponding selected filter such thai 

each of the filters produce an order formatted Fourier series 

Furthermore, this aspect includes adding the order formatted Fourier 

ser.es produced by each filter to form a summed Fourier series in Fourier 

space. obta,„.„g an ordered Fourier series from the memory, determining 

a spectra, s.milarity between the summed Fourier series and the ordered 

Founer series, determining a probability expectation value based on the 

spectra s.milarity. a„d generating a probability operand having a value 
selecte, f , ^^^^^ ^^^^^^.^.^ 8^^^^^^^^ 

value. Ibese s.eps are repeated until the probability operand has a value 
of one. Once the probability operand has a value of one. this a..pec, 
.nc udes storing the summed Fourier series to an intermediate memory 
section Thereafter, (his aspect includes removing the selected filters 
^om the selected set of filters to form an updated set of fillers, removing 

updated niter from lUt updated set of filters. This aspect further 
includes sampling the updated string with the updated filter to produce a 
amp ed Fourier series comprising a subset of the string, modula.ing the 

unl". 1 fr"^ """""'^ ''''' ^''^ '''' corresponding selected 

upd ed f.Iicr to produce an updated order formatted Fourier series 
recail.ne ,he summed Fourier series from the intermediate memory' 
secLon. adding the updated order formatted Fourier scries to the 
summed Fourier series to form an updated summed Fourier series in 
Founer space, and obtaining an updated ordered Fourier series from the 
memory. Th.s aspect further includes determining a spectral similarity 
between the updated summed Fourier series and the updated ordered 
I'ourier series, determining a probability cxpcc.ation value based o.i the 
spectral similarity, and generating a probability operand having a value 
selected from a sc. of zero and one. based on the probability expectation 
value. These steps are repealed until U,e probability operand has a value 
of one or all of the updated filters have been selected from the updated 
set o . Iters. If all of the opda.ed filters have been selected before the 
probabihty operand has a value of one. then clearing the intermediate 
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memory sccUon and repeating the steps starling with selecting at least 
two filters from a selected set of fihers. Once the probability operand has 
a value of one, the updated summed Fourier scries is stored to the 
intermediate memory section and steps beginning with removing the 
5 selected filters from the selected set of filters to form an updated set of 
filters are repeated until one of the following set of conditions is satisfied- 
the updated set of filters is empty or the remaining subsets of the string 
IS ml. If the remaining subset of strings is nil. then the Fourier series in 
tlie intermediate memory section is stored in the High Uvel Memory 
I 0 section of the memory. 

Another aspect of the present invenUon is directed to forming 
complex ordered strings by forming associations between a plurality of 
ordered strings. This aspect of the invention includes recording ordered 
strings to the High Uvcl Memory section, forming associations of the 
ordered striiigs to form complex ordered strings, and recording the 
complex ordered strings to the High Level Memory section. A further 
aspect of the invention is directed to forming a predominant 
configuration based on probability. This aspect of the invention includes 
generating an activation probability parameter, storing the activation 
probability parameter in the memory, generating an activation 
probability operand having a value selected from a set of zero and one, 
based on the activation probability parameter, activating any one or 
more components of the present invention such as matrices representing 
functions, data parameters. Fourier components. Fourier series, strings, 
ordered strings, components of the Input Layer, components of the 
Association Uyer, componcms of the String Ordering Layer, and 
components of the Predominant Configuration Layer, the activation of 
each component being based on the corresponding aclivaUon probability 
parameter, and weighting each activation probability parameter based on 
3 0 an activation rate of each component. 

Brief Destfripif on of ihe Qrawinps 

FIGURE 1 is a high level block diagram illustrating an embodiment of 
3 5 the present invention; 

FIGURE 2 is a detailed block diagram illustrating an Input Layer, an 
Association Uyer. and a memory layer of the embodiment of FIGURE 1; 
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FIGURE 3 is a flow diagram of an exemplary transducer data structure 
of a lime delay interval subdivision hierarchy wherein the data from a 
transducer having n levels of subcomponents numbering integer m per 
level is assigned a master time interval with « + ! sub time intervals in a 
5 hierarchical manner wherein the data stream from the final n ih level 
transducer element is recorded as a function of lime in the n + l th time 
coded sub memory buffer in accordance with the present invention; 

FIGURE 4 is a detailed block diagram illustrating an String Ordering 
Layer and the memory layer of the embodiment of FIGURE 1; 
I 0 FIGURE 5 is a detailed block diagram illustrating a Predominant 

Configuration Layer and the memory of the embodiment of FIGURE I in 
relation to the Input Layer, the Association Layer, and the Suing 
Ordering Layer of the present invention; 

FIGURE 6 is a schematrc drawing of the "P or M element response" 

1 5 comprised of a scries of seven "impulse responses" in accordance with the 

invention; 

FIGURE 7 is a schematic drawing of the Fourier Trajisform H[k^,kJ of 
the system function h{p,z) corresponding to the "impulse response" in 
accordance with the invention; 

2 0 FIGURE S is a schematic of h{t) given by Eq. (37.51) where a^l and 

N-\00 in accordance with the invention; 

FIGURE 9 is a schemaUc of //(/) given by Eq. (37.50) where a = l and 
A^ = 100 in accordance with the invention; 

FIGURE 10 is a schematic of h{f) given by Eq. (37.51) where a = iO and 

2 5 // = 100 in accordance with the invention; 

FIGURE 11 is a schematic of H(/} given by Eq. (37.50) where a = 10 
and // = I00 in accordance with the invention; 

FIGURE 12 is a schematic of h(() given by Eq. (37.51) where a^l and 
N-5Q0 in accordance with the invention; 

3 0 FIGURE 13 is a schematic of H(f) given by Eq. (37.50) where a=l and 

A^ = 500 in accordance with the invention; 

FIGURE 14 is a schematic of h{t) given by Eq. (37.51) where cr = IO and 
// = 500 in accordance with the invention; 

FIGURE 15 is a schematic of H{f) given by Eq. (37.50) where a = 10 
3 5 and N^500 in accordance with the invention; 

FIGURES J6A. 16B, and 16C illustrate plots of the probability 
(Eq. (37.106a)) of association of the corresponding Fourier series based on 
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a first aciivc associaiion ensemble coupling with a second association 
ensemble as a function of frequency difference angle. coupling cross ■ 
section amplitude, fil and phase shift. 5, = o wherein the parameter 
/},-0.0l. 0.25. and 1.00. respectively. In accordance with the invention; 

FIGURES VIA. 17B. 17C. and !7D illustrate plots of the probability 
^aW (Eq. (37.106a)) of associaUon of the corresponding Fourier series 
based on a first active association ensemble coupling with a second 
assoc.at.on ensemble as a function of frequency difference angle. and 
phase shift. S,. for the coupling cross section amplitude. ^'=0 25 wherein 
the parameter 5=0. 0.257r. 0.50;r. and n. respectively, in'accordance wiUi 
the present invention; 

FIGURE 18 is a flow diagram of an exemplary hierarchical relationship 
between the characteristics and the processing and storage elements in 
accordance with the present invention; 

FIGURE 19 is a flow diagram of an exemplary hierarchical relationship 
of the signals in Fourier space comprising PCs, SFCs. groups of SFCs. and a 
string in accordance with the present invention; 

FIGURE 20 is an exemplary layer structure in accordance with the 
present invention, and 

FIGURE 21 is a flow diagram of an exemplary layer structure and 
exemplary signal format in accordance with the present invention. 

DETAII.mnP,<;ri?TpT ioN qpthf INVENTION 

The present invention is directed to systems and methods for 
performing pattern recognition and association based upon receiving, 
storing, and processing information. The information is based upon 
physical characteristics or representations of physical characteristics and 
a relationship of the physical characteristics, hereinafter referred to as 
physical context, of an item of interest. The physical characteristics and 
physical context serve as a basis for stimulating a uansducer. The 
transducer converts an input signal representative of the physical 
characteristics and the physical context into the information for 
processing. The information is data and an input context. The data is 
representative of the physical characteristics or the representations of 
physical characteristics and the input context corresponds to the physical 
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conlexl based upon ihc identity of a specific transducer and its particular 
transducer elements. The physical context maps on a one to one basis to 
the input context. The information defines a Fourier series in Fourier 
space that represents the item of interest. In other words, a Fourier 
5 scries in Fourier space reprcscnis the information parameterized 
according to the data and the input context. In addition, the input 
context maps on a one to one basis to an Input Layer section of a 
memory. Thus, there is a one to one map of physical context to input 
context to Input Layer section of a memory. The representation of 
10 information as a Fourier series in Fourier space allows for the mapping. 

As illustrated in Figure L at a high level, the system 10 includes 
several function spcciHc layers. These include an Input Layer 12, an 
Association Layer 14, an String Ordering Layer 16 and a Predominant 
Configuration Layer 18. The Input Layer 12 receives the data within the 

1 5 input context and transforms the data into the Fourier series in Fourier 

space representative of the information. The system 10 also includes a 
memory 20 for storing information. The Input Layer 12 also encodes the 
input context as delays in time corresponding to a modulation factor of 
the Fourier series ai corresponding frequencies. The Association Layer 
20 M receives a plurality of Fourier series in Fourier space, including at 
least one ordered Fourier series from the memory 20, forms a string 
comprising a sum of the Fourier series and stores the siring to the 
memory 20. The Siring Ordering Layer 16 receives the string from the 
memory 20, orders the Fourier scries contained in the string to form an 

2 5 ordered string and stores the ordered string in the memory 20. The 

Predominant Configuration Layer 18 receives multiple ordered strings 
from the memory 20, forms associations between the ordered strings to 
form a complex ordered string, also referred to as a predominant 
configuration suing, and stores the predomsnani configuration string to 

3 0 the memory 20. The memory 20 may be partitioned in several distinct 

sections for storing different types of information or distinctly classified 
types of information. Specifically, the memory may include a High Level" 
Memory section, an intermediate level memory section, etc. as will be 
described in more detail below. 
3 5 The following example illustrates how the present invention 

processes the physical characteristics of an item of interest, specifically a 
triangle. In flat geometry, the physical characteristics of a triangle are 
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•hrcc connected lines at angles aggregating lo 180^ The physical 
characteristics provide spatial variations of Hghl scattering. In one 
embodiment, a light responsive transducer (not shown) of the system 10 
transduces .he Hgh, scattering into the data. An exemplary transducer is 
a charge coupled device C'CCD") array. One data clement at a point in 
urne may be a voltage of a particular CCD element of the CCD array. Each 
CCD element of the CCD array has a spatial identity. The physical context 
for ,he trtangle is the relationship of the lines at .he corresponding angles 
providing a spatial variation of light scattering. The input context is the 
.dent.ty of each CCD element that responds according to the physical 
context. For example, a CCD element (100.13) of a 512 by 512 CCD array 
w.ll uniquely respond to light scattered by .he lines and angular relations 
of the tnangle relative lo the other CCD elements of the CCD array TIk 
response is stored in a specific memory register of an Input Layer section 

1 5 of the memory 20. The specif.c memory register is reflective of the input 

context. In the present invention, a Fourier series in Fourier space 
represents the information of the triangle parameterized according to the 
voltage and the CCD clement identity. 

7 0 .K . "^'^r'"' ^'*=P' Layer 12 receives 

2 0 the data from the transducer (not shown). A Fourier transform processor 

22 encodes each data element as parameters of a Fourier component in 
Fourier space and stores the data parameter values to the Input Layer 
section 24 of the memory 20. Each Fourier component of the Fourier 
series may comprise a quantized amplitude, frequency, and phase angle 
For example the Fourier series in Fourier space jnay be- 

having a quantized amplitude, frequency, and phase angle, wherein a, is 
a constant. and k. are the frequency variables. „. and M are ' 
.ntegers. and A^,^. /V.^. p... and are the data parameters. 

In a first embodiment, the data parameters N^^ and of the 
Fourier series component arc proportional to the rate "of change of the 
physical characteristic. Each of the data parameters p.. and 1 of each 
Four.er component is inversely proportional to the ampUtude of the 
physical characteristic. In the triangle example, the amplitude of the 
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voltage at a given CCD clement relniive to (he neighboring CCD element 
defines the rate of change of the voltage which is converted into the data 
parameters N^^ and W,^. The inverse of ihc amplicude of the voltage of 
each CCD clement is converted into the data parameters and . As 
illustrated in FIGURE 3 and described above, for each CCD "element" the 
Fourier scries, parameterized accordingly, are stored to a specific sub 
register 27 of a specific register 26 of the Input Layer section 24 of the 
memory 20- Since the stnictorc of a Fourier series is known m the art. 
only the parameters need to be stored in a digital embodiment. 

The number and types of transducers that may supply information 
to the system is only limited by available technology, hardware and 
economics, as is the number m of corresponding registers 26 for each 
transducer. Each register 26 may have any number d of subregislers 27 
where the number d of subregislers of one register 26 is not necessarily' 

1 5 the same as other registers 26. For example. "Level 1 " register "I " may 

have thirty "Level 2 " subregislers 27 and "Level 1 " register "2 " may 
have one-hundred subregisters 27. Furthermore, each "Uvcl 2 " register 
may have any number e of siubregisters. where the number e of 
subregisters of one register 27 is not necessarily the same as other 

2 0 registers 27. For example. "Level 2 " register "I " may have fifty "Level 

n- subregisters 29 and •Level 2 " register "2 - may have seventy "Level 
n' subregisters 29. Still further, each "Level n" register 29 may have any 
number / of limc buffer elements 31. where the number / of time 
buffer Clements 31 is not necessarily the same as other time buffer 
2 5 elements 31. 

In a second embodiment, each of the data parameters TV. and A/, 
of the Fourier series component is proportional to the amplitude of the ' 
physical characierisUc. Each of the data parameters and e„ of each 
Fourier component is inversely proportional to the rate of change of the 
physical characteristic. As in the first embodiment, for each CCD element, 
these parameters are stored in a specific sub register of the Input Layer ' 
section of the memory. 

In a third embodiment, each of the data parameters N,^ and of 
the Fourier scries component is proportional to the duration of the signal 
response of each transducer. Each of the data parameters p^^ and z^^ of 
each Fourier component is inversely proportional to the physical 
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15 



ch-cerisHc. As i„ .he Hrs, e„,bodi.en., for each CCD eleven, ,hesc 
As an alternaUvc example, .he Fourier series in Fourier space ™ay 

»..Po.. and ^. are .he da.a parame.ers. As described wi.h respec. to' 
.he previous exan^plc for each CCD e!e„,en,. ,hese parameters are s.orcd 
.n a specific sub regis.er of ,he ,„pu. Layer scc.ion of .he n.ernory 

The physical context is conserved by mapping with a one to one 
bas.s e,ween the physical con.ex, and the input context based o„ e 
.dentuy of each transducer. The i„pu. con.ex. is conserved by mapping 
on a one to one basis to the Inp„. Uycr secion 24 of mcnory 20 ,„ ?„ 
en,bod.«,e„t the input context is encoded in .in,e as a char c.erU.ic 
modu,a..on frequency band in Fourier space of the Fourier scricT The 
charac,er.st,c modulation frequency band in Fourier space represents the 
20 --''•••'^ - icicntity of a specific traLducerTf h 

20 elat,onsh.p of ,wo transducer elements. The modulation within each 
requency band may encode no. only i„p„. context but context n a 

ll7Tru:r\ .-^"V^^""^' --de temporal order, cause 

ton hn ^ relat.o„sh.ps. size order, intensity order, before-after order 

23 TJ"''' ^" «^ - ^clative to the ' 

Still referring to FIGURE 3. the transducer has „ levels of 
subcomponents. Each transducer is assigned a portion 26 of the Input 
Uyer sccucn 24 of the memory 20. The memory 20 is arranged in'a 
h.erarch.cal mam,er. Specir.cally. the memory is divided and assigned to 
correspond to a master time interval with sub time intervals, m 
th ve '.'"h^ " '"^'^ '^^"^^"^ subcomponents. T^^e . 

•nterval. The t.me intervals represent time delays which correspond to 
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the characteristic modulation frequency band in Fourier space which in 
turn represents the input context according to the specific transducer or 
transducer subcomponent. 

An exemplary complex transducer which may be represented by a 
data structure comprising a hierarchical set of time delay intervals is a 
CCD array of a video camera comprising a multitude of charge coupled 
devices (CCDs). Each CCD comprises a transducer element and is 
responsive to light intensity of a given wavelength band at a given 
spatial location in a grid. Another example of a transducer is an audio 
recorder comprising transducer elements each responsive to sound 
intensity of a given frequfency band at a given spatial location or 
orientation. A signal within the band 300-400 MHz may cnco<lc and 
Identify the signal as a video signal; whereas, a signal within .l,c band 
500-600 MHz may encode and idemify the signal as an audio signal. 
Furthermore, a video signal within the band 315-325 MHz may encode 
and identify the signal as a video signal as a fimction of time of CCD 
element (100,13) of a 512 by 512 array of CCDs. 

In one embodiment, the characteristic modulation having a 
frequency within the band in Fourier space is represented by e"'^"' The 
modulation corresponds to the time delay S{t-t,] wherein / is ihc 
frequency variable. / is the time variable, and r, is the time delay. The 
characteristic modulation is encoded as a delay in time by storing the 
Fourier series in a specific portion of the Input Layer section of the 
memory wherein the specific portion has n+l sub time intervals. Each 
sub lime interval corresponds to a frequency band. 

In an alternative embodiment, the characteristic modulation, 
having a frequency within the band is represented by ^-^'J"-"-). Thus, 
the Fourier scries in Fonricr space may be* 

3 0 wherein A, =v,^/,^ is the modulation factor which corresponds to the 
physical time delay . P^.. = .-^ is the modulation factor which 
corresponds to the specific transducer time delay r^ . v,^ and arc 
constants such as the signal propagation velocities, i is a constant, 
and *. are the frequency variables, n. m, and M arc integers, and N„ \ 
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^~,.P<,,.and arc data parameters. The data parameters are selected 
in the same manner as described above. 

Transducer strir>gs may be created by obtaining a Fourier scries 
from at least two selected transducers and adding the Fourier scries. 
5 Transducers that are active simultaneously may be selected. The 
transducer suing may be stored in a distinct memory location of the 
memory. The characteristic modulation, having a frequency within the 
band in Fourier space can be represented by r''"^ which corresponds to 
the time delay S{i-Q wherein / is the frequency variable, i is the lime 

1 0 variable, and is the lime delay. 

Recalling any part of the transducer string from the distinct 
memory location may thereby cause additional Fourier series of the 
transducer string to be recalled. In other words the Fourier scries are 
linked. Fourier scries, in addition to those of transducer strings may be 

1 5 linked. In order to achieve linking of the Fourier series, the system 

generates a probability expectation value that recalling any part of one of 
the Fourier scries from the memory causes at least another Fourier scries 
to be recalled from tlic memory. The system stores the probability 
expectation value to memory. The system generates a probability 

20 operand having a value selected from a set of zero and one. based on the 
probability expectation value. The system recalls at least another Fourier 
scries from the memory if the operand is one. The probability 
expectation value may increase with a rate of recalling any part of any of. 
the Fourier scries. 

25 The system may be initialized by learning. The relationship 

between the data and the data parameters such as and N of each 

component of the Fourier series is learned by the system by applying 
standard physical signals. In the case of the triangle example, the 
standard physical signals are the scattered light from tlie physical 

3 0 characteristics of the triangle. The physical signals are applied to each 
transducer together with other information that is associated with the 
standard. A data base is established. This information that is associated 
with the standard is recalled and comprises input into the Association 
Layer and the String Ordering Layer. 

3 5 The data parameters and the input context arc established and 

stored in the Input Layer section 24 of the memory 20. 
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Referring again lo Figure 2. several the parameterized Fourier 
componenis arc input to the Association Layer lo form associations of the 
Fourier series. The Fourier components may be stored in a Fourier 
coniponcnt section 30 of a temporary memory section 28. The Fourier 
5 components arc added to form multiple Fourier series which in turn may 
be stored in a Fourier series section 32 of the temporary memory section 
28. At least one of the Fourier series stored in the Fourier series section 
32 is input to a filter 34 wherein the filter 34 samples and modulates the 
Fourier series. The filtered Fourier scries is input to a spectral similarity 
1 0 analyzer 36. The spectral similarity analyzer 36 determines the spectral 
similarity between the filtered Fourier scries and another Fourier series 
stored in the Fourier series section 32 of the temporary memory section 
28. A spectra! similarity value is output from the spectral similarity 
analyzer 36 and input to a probability expectation analyzer 38. The 

1 5 probability expectation analyzer 38 dciermines a probability expectation 

value based on the spectral similarity value. The probability expectation 
value output from the probability expectation analyzer 38 is input to a 
probability operand generator 40. The probability operand generator 40 
generates a probability operand value of one or zero based upon the 

2 0 probability expectation value. The probability operand value is output to 

a processor 42. If the probability operand value is zero, the processor 42 
sends another Fourier scries from the Fourier series section 32 of the 
temporary memory sectioFi 28 to the filter 34 and begins the process 
again. If the probability operand value is one, the filtered Fourier series 
2 5 and the other Fourier series arc added to form a string and the siring is 
stored in a string memory section 44. 

The filter 34 can be a time delayed Gaussian filter in the time 
domain. The filter raay be characterized in time by: 

V?5V 



30 



kSl 



a 



wherein ^ is a delay parameter, a is a half-width parameter, and t is 

the lime parameter. The Gaussian filter may comprise a plurality of 
cascaded stages each stage having a decaying exponential system 
function between stages. The filter, in frequency space, can be 
characterized by: 
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wherein ^- and a arc a concsponding delay parameter and a half- 
width pa„mc.cr in ,ime. respectively, and / is the frequency parameter. 
The probabtl.ty distribution may be Poissonian. Thus, the probability 
cxpectat.on value can be based upon Poissonian probability The 
probab.luy expectation value may be characterized by 

Z)t^fl probability of at least one other Pourier 

senes be.ng assoc.ated with a Hrst Fourier series. is a probabJmJ of at 

Jeas, one other Fourier series being associated with a firs, Fourier series 

Ifpo " °' ^^""'^^ ^"'"^^ the at least one 

other Fourier series, ft' is a number that represents the amplitude of 

spectral sunilari.y between a, least two fkered or unfiltered Fourier 
scrtes 0, represents the frequency difference angle between at least two 
filtered or unfiltered Fourier series, and 5,. is a phase factor, may be 
characterized by 







Q^ aH Q, a. 2v^ 2t>,. ) 



a. 



and 



correspond to delay parameters of a first and s-th time 



delayed Gaussian filter, respectively, a. and a, corresponding half-width 

m'ZTI^ ' ^^^^y^'' «>'er. respectively 

M, and are mtegers. o,^ and are constants, v. and v are 

constants such as the signal propagation velocities, and N,,'n , p, and 

Po^ are data parameters. The data parameters are selected in"'the^amc 

manner as described above. ^, may be characterized by 
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correspond to delay parameters of a firsJ and s-th time 
delayed Gaussian filler, respectively, a, and a. corresponding half-width 
parameters of a f.rst and s-th time delayed Gaussian filter, respectively 
5 M, and M, are integers, o,^ and arc constants, v.. and k, arc 

constants such as the signal propagation velocities, and W..\,p. . a„d 
Po^ arc data parameters. The data parameters are selected in"' the "same 
manner as described above. 

An exemplary siring with a characteristic modulation having a 
10 frequency within the band represented by e'^^"*-'""^ is- 



0 



wherein P,,„=\J,^^ is the modulation factor which corresponds to the 
physical time delay P^,^-v^, j^^^ is the modulation facer which 
corresponds to the specific transducer time delay v,^_ and are 
constants such as the signal propagation velocities, o^^ is a constam. 
and k, are the frequency variables, n, m, s, M„ and s"arc integers, and 
and are data parameters. The data parameters are 
selected in the same manner as described above. 

An exemplary string with each Fourier series multiplied by the 
2 0 Founcr transform of the delayed Gaussian filter represented by 

pi'"^] . 

' ' / e I « established the association to 

fonn the string is; 
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wherein and are constants such as the signal propagalion 
velocities in ihc p and z directions, respectively, E and iSI are delay 
parameters and a,^, and tr^, are half^width parameters of a 
corresponding Gaussian filter in the p and i directions, respectively, 

" \J',,^ modulation factor vyhich corresponds to the physical 

lime delay Pp,^ = X-.'^,.- modulation factor which corresponds 

to the specific transducer lime delay r^^^, v,^^ and v^^^ are constants such 
as the signal propagation velocities, a^^ is a constant, and are the 
frequency variables. m. 5, Af,, and S arc integers, and N^^ , , 
and are data parameters. The data parameters arc selected in the 
same manner as described above. 

Therein, the Association Layer forms associations between Fourier 
series and sums the associated Fourier series to form a string. The string 
I 5 is then stored in ihe string memory section. 

The next aspect of the present invention is the ordering of the 
strings stored in the string memory section 44. Tfie ordering may be 
according to any one of the following: temporal order, cause and effect 
relationships, size order, intensity order, before-after order, top-bottom 
20 order, or lefi-righl order. Referring to FIGURE 4. the method for ordering 
the sirings stored in the string memory section 44 entails the following: 

a ) obtaining a string from the siring memory section 44 and storing 
the string to a temporary string memory section 46; 

b. ) selecting at least two filters 48. 50 from a selected set of filters 

25 52; 

c. ) sampling the siring with the filters 48, 50, each of the filters 
forming a sampled Fourier scries, each Fourier scries comprising a subset 
of i!jc siring; 
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d.) inodulaiing each of the sampled Fourier series in Fourier space 
with the corresponding selected filler 48. 50, each forming an order 
formatted Fourier series; 

c.) adding the order formatted Fourier series to form a summed 
5 Foxificr scries in Fourier space; 

f. ) obtaining an ordered Fourier scries from the High Level Memory 
section 54; 

g. ) determining a spectral similarity with a spectral similarity 
analyzer 56 between the summed Fourier series and the ordered Fourier 

1 0 scries; 

h. ) determining a probability expectation value, with a probability 
expectation value analyzer 58 based on the spectral similarity; 

i. ) generating a probability operand, with a probability operand 
generator 60 having a value selected from a set of zero and one, based on 

1 5 the probability expectation value; 

j.) repeating steps b-i until the probability operand has a value of 
one as determined by the processor 42; 

k.) storing the summed Fourier series to an intermediate memory 
section 62; 

2 0 1.) removing the selected filters from the selected set of filters 52 to 

form an updated set of filters 52; 

m.) removing the subsets from the string to obtain an updated 
string; 

n.) selecting an updated filter 64 from the updated set of filters; 

2 5 o,). sampling the updated siring with the updated filter to form a 

sampled Fourier series comprising a subset of the string; 

p.) modulating the sampled Fourier series in Fourier space with the 
corresponding selected updated filter to form an updated order 
formatted Fourier scries; 

3 0 q.) recalling ihc summed Fourier scries from the intermediate 

memory section 62; 

r.) adding the updated order formatted Fourier series to the 
summed Fourier series from the intermediate memory section to form an 
updated summed Fourier scries in Fourier space; 
3 5 s.) obtaining another ordered Fourier series from ihe High Level 

Memory section 54; 
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t.) determining a spcclral simiJariiy between Ihe updated summed 
Fourier series and ihe another ordered Fourier series; 

u.) determining a probability expectation value based on the 
spectral similarity; 

5 V.) generating a probability operand having a value selected from a 

set of zero and one. based on the probability expectation value; 

w.) repeating steps n-v until the probability operand has a value of 

one or all of the updated filters have been selected from the updated set 

of filters as determined by processor 42; 
0 X.) if all of the updated niters have been selected before the 

probability operand has a value of one. then clearing the intermediate 

memory section and returning to step b; 

y.) if the probability operand has a value of one. then clearing the 

intermediate memory section- and storing the updated summed Fourier 
5 scries to the intermediate memory section; 

2.) repeating steps 1-y until the one of Ihe following set of 

conditions is satisfied: the updated set of filters is empty, or the 

remaining subsets of the string of step m.) is nil as determined by the 

processor 42; 

aa.) storing the Fourier scries of intermediate memory section to 
the High Level Memory section 54. 

Kach filter of the set of filters can be a time delayed Gaussian filler 
having a half-width parameter a which determines the amount of the 
string that is sampled. Each filter of the set of filters can be a time 
delayed Gaussian filter having a delay parameter ^ which corresponds 

to a time point. Each Fourier scries of the ordered string can be 
multiplied by the Fourier transform of the delayed Gaussian filter 

represented by The filter 

established the correct order. The ordered string can be represented by: 



0 
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wherein and v^, are constants such as the signal propagation 
velocities in ,he p and . directions, respectively, g and arc delay 
parameters and and a„ are half-width parameter of a 
corresponding Gaussian filter in the p and z directions, respectively 

""^ modulation factor which corresponds to ihc physical 
time delay P^.. = V..»V., is Jhe modulation factor which corresponds 
to the specific transducer time delay v,„. and arc constants such 
as the signal propagation velocities. is a ' constant. and *. are the 
frequency variables, „, m„ and S arc integers, and N,„ . w., . p. . 

and arc daia parameters. The data parameters arc sclccTe'd irlhe*"' 
same manner as described above. 

The probability expectation value may be based upon Poissonian 
probability. The probability expectation value is represented by 

n[/'r. P,.U{-p-[^^^)]cosi5, .23i„#,)] 

wherein P is the maximum probability that at least one other Fourier 
series IS active given that a first Fourier series is active, is a 
probability of a FoOrier scries becoming active in the absence of coupling 
from at least one other active Fourier series. is a number that 
represents the amplitude of spectral similarity between at least two 
filtered or unfiltered Fourier series. represents the frequency 
difference angle between at least two filtered or unfiltered Fourier series, 
and 5,. IS a phase factor, may be represented by 
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exp- 



a* + aM a, 



a. 



2v_ v„ 



2w_ 



wherein A„. =v.^,,_ and A, =v,_ f^ are Ihe modulation factors which 
corresponds lo the physical time delays and . respectively. 
^A., are the modulation factors which 
corresponds to ihc specific transducer lime delay and / 



respectively, v; , v 



and 



constants such as the signal 



parameters of a 



propagation velocities. and correspond to delay 

first and s-th time delayed Gaussian filter, respectively, a. and a 
corresponding half-width parameters of a first and s-th time delayed 
Gauss.an f.l.cr. respectively, M, and M, are integers. a,_^. a,^ arc 
constants. and v„ are constants such as Ihe signal propagation 
velocities, and N^^, W„..p,^. and p,^ are data parameters. The data 
parameters are selected in the same manner as described above, p, may 
be represented by 



Wherein A^ and A, =»',„r,_^ are the modulation factors which 

corresponds to Ihe physical time delays /.^ and r^ . respectively. 

" ^/»-. = are the modulation factors which 

corresponds to Ihe specific' transducer time delay and . 
respectively, v,^ . y.^ , y^^. v^^ are constants such as thc"'signal 



propagation velocities. ^ and 
first and s-th time delayed Gaussian filter, respectively, a. and a. 



correspond to delay parameters of a 
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corresponding half-wid.h parameters of a f.rsl and s-.h time delayed 
Oauss.a„ Hitcr. respcct.vely. M.. and M, are integers. and a, 
constants. v„, and v„ are constants such as the signal p'ropagation 
vcioc.ics. and //. .p,^. and p,_ are data parameters. The data 
parameters are selected in the same manner as described above 

The String Ordering Layer produces an ordered string of Fourier 
scrjcs. wherein the ordered string is stored in the High Lcve! Memory 
section. 



The next aspect of the present invention is the formaUon of a 
predominant configuration by forming cotnplex ordered strings through 
«he assocafon of ordered strings. Referring to FIGURE 5. the method for 
forming the complex ordered strings from strings stored in the string 
memory section entails the following. The Predominant Configuration 
Layer 18 receives ordered strings from the High Level Memory section 
54 and forms more complex ordered strings by forming associations 
between the ordered strings. The complex ordered strings are stored in 
the complex ordered string section 72 of the memory 20 

The Predominant Configuration Layer 18 also activates components 
w.ih.n the Input Layer 12. the Association Uycr 14. and the String 
Ordering Layer 16. The layers of the present invention may be Ueated 
and implemented as abstract data types in the art of computer science 
relating to object-oriented programming. The components of the layers 
therefore refer to all classes, instances, methods, attributes, behaviors 
and messages of the layer abstractions as defined above. A class is the 
implementation of an abstract data type (ADT). It defines attributes and 
methods implementing the data structure and operations of the ADT 
respectively. Instances of classes are called objects. Consequently, cbsses 
define properties and behavior of sets of objects. An object can be 
uniquely idcniified by its name and it defines a state which is 
represented by the values of its attributes at a particular time The 
behavior of an object is defined by the set of methods which can be 
applied to it. A method is associated with a class. An object invokes a 
method as a reaction to receipt of a message. 

Thus, the components of a layer comprise all entities in anyway 
related to or associated with the layer such as inputs, outputs, operands 
matrices representing functions, systems, processes, methods, and 
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piobabiliiy paraincicrs. In a digital embodiment, activation results in the 
recall of the component from memory and may further result in 
processing steps such as matrix muKipHcation of matrices representing 
functions. Activation involves generating an activaiion probability 
5 parameter. The activaiion probability parameter is a parameter 

responsible for activating any component of the system and is dependent 
on a prior activation history of each component in the syslcm. 

The Predominant Configuration Layer 18 includes an activation 
probability parameter generator 66. The activation probability 
1 0 parameter generator 66 receives a listing of prior activation frequencies 
of all of the available components of the present inve?Uion such as 
matrices representing functions, data parameters, Fourier components, 
Fourier series, strings, ordered strings, components of the Input Layer, 
components of the Association Layer, components of the String Ordering 

1 5 Layer, and components of the Predominant Configuration Layer from an 

activation frequency memory section 68. The activation probability 
parameter generator 66 also receives a listing of all active components 
from the processor 42. Alternatively, the activation probability 
parameter generator 66 may receive a listing of all active components 
20 directly from the active components. The activation probability 

parameter is stored in memory 20. The activation probability parameter 
is input to an activation probability operand generator 70. The activation 
probability operand generator 70 generates a probability operand value 
of one or zero based upon the activation probability parameter. The 

2 5 probability operand value is output to the processor 42. Any one or 

more of the components are activated when the probability operand 
corresponding to each component has a value of one as determined by 
the processor 42. Thus, the activation of each component is based on the 
corresponding activaiion probability parameter. Each activation 

3 0 probability parameter is v^rcighted based on the activaiion rate of the 

component. Tlie activation process continues while the system is on. 
Thus, the activaiion process is akin to an operating system kernel in a 
forever loop. 

Embodiments of the system for performing pattern recognition and 
3 5 processing may comprise a general purpose computer. Such a general 
purpose computer may have any number of basic configurations. For 
example, such a general purpose computer may comprise a central 
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processing uni, (CPU), one or more specialized processors, sys.en, 
memory, a mass storage device such as a magnetic disk, an optical disk 
or other storage device, an input means such as a keyboard or mouse, a 
display device, and a printer or other output device. A system 
.mplemcnting ,hc present invention can also comprise a special purpose 
computer or other hardware system and ail should be included within its 
scope. 

Embodiments within the scope of the present invention also include 
computer program products comprising computer readable medium 
havmg embodied therein program code means. Such computer readable 
media can be any available media which can be accessed by a general 
purpose or special purpose computer. By way of example, and no. 
I.m.lation. such computer readable media can comprise RAM ROM 
EPROM. CD ROM. DVD or other op.ical disk storage, n.agne.i; disk Itorage 
or other magnetic storage devices, or any other medium which can 
embody the desired program code means and which can be accessed by a 
general purpose or special purpose computer. Combinations of the above 
should also be included within the scope of computer readable media. 
Program code means comprises, for example, executable instructions and 
data which cause a general purpose computer or special purpose 
computer to perform a certain function of a group of functions. 

The present invention may be embodied in other specific forms 
without departing from the spirit or essential attributes thereof and 
accordingly, reference should be made to the appended claims, rather 
Jhan to the foregoing specification, as indicating the scope of the 
invention. 

Also, included as part of this application is a Support Appendix and 
associated sub-appendices. These include the following 

SUB-APPENDEX 1 is the derivation of the Input and the Band-Pass 
Filter of the Analog Fourier Processor according to the present invention; 

SUB-APPENDIX II is the derivation of the Modulauon and Sampling 
Gives the Input to the Association Mechanism and Basis of Reasoning 
according to the present invention- 

SUB-APPENDIX III is the deri;ation of the Association Mechanism and 
Basis of Reasoning according to the present invention- 

SUB-APPENDIX IV is the Ordering of Associations: Matrix Method 
according lo the present invention; 
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SUB-APPENDIX V is ihe GENOMIC DNA SEQUENCING MEFUOD/MA IIUX 
METHOD OF ANALYSIS according to the prescni invention; 

SUB-APPENDIX VI is the derivation of the Input Context according to 
the present invention, and 

SUB-APPENDIX VII is the derivation of »he Comparison of Processing 
Acdvuy to Statistical Thermodynamics/Predominant Configuration 
according to the present invention. 



10 



SUPPORT APPFMnpr 



The melhods and systems of the present invention arc herein 
defined as the "processor" which is capable of storing, retrieving, and 
processing data to form novel conceptual content according to the present 
invention. The "processor" comprises systems and associated processes 
I 5 which serve specific functions which are collectively called "layers". The 
"layers- are organized so a.-: to receive the appropriate inputs and 
produce the appropriate outputs according to the present invention. In a 
preferred embodiment, the memory layer is organized in a hierarchical 
manner according to the significance of the stored information. The 
20 significance may be measured by how frequently the information is 

recalled during processing, or ii may be significant because it represents 
reference or standard information. The roost significant information may 
be stored in a layer called "High Level Memory". Unlike a conventional 
processor such as a Turing Machine, the "processor" of the present 
25 invention may constantly change its state such that the output to a given 
input may not be idcnucal. The "processor" may be governed by a 
principle similar to the entropy principle of thermodynamics whereby a 
chemical system achieves a state representative of a predominant 
configuration, most probable state in time. The "predominant 
30 configuration- of the present "processor" is the total systems of the 

"processor" and the total state of their components in lime. The following 
invemion of Pattern Recognition. Learning, and Processing Methods and 
Systems comprises analog or digital embodiments of: 

I.) an Input Layer which receives data rejMcsentative of physical 
3 5 characteristics or representations of physical characteristics of the 
environment and transforms it into a Fourier series in -space 
wherein input context is encoded in lime as delays which corresponds to 
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mod„K,.io„ of .he Fourier series at corresponding frequencies TT^e 
Fourier pZZo ^ ' ^'"' ''"^ ^-'og 

A now or ,„ „.„p,„, " ;^°"'"> 

-Icia, ,„,ma. subdivision hie,.,„l„ shown i„ FIGURE 3 ThV 
correspo„di„s <)«ivati„,s arc also given i„ SUB-APPENDIX VI 

(called a -.rrino-/ ! . ^ '^'''"'^'y' « ==cries 

s .o... ..e de..ed HuL':;: Ccirrrr. r 

assoc.a..on ensemWes" .ha. provide inpu. ,o for.n ,hc "assocli^r The 
de„va..o„ of U,e .i.e delayed Gaussian fii.crs which pro ^ IpHn/ 
and modu auon (frequency shifting) of .he Fourier senes in L-Tp e i. 
given m SUB-APPENDIV n tjir.^. t ^ « ^ 

0 .he Association M K "--'^^^"I^t'on and Sampling Gives .he Inpu. ,o 

M r;„isrand f"^^ " SUB-APPENDIX lII-Assoeiation 

Mecnanism and Basis of Reasoning; 

from l'^ ^"^'""8" O^d^ring Layer' which receives the "string" as inpu, 

Method of A . r °' '''"^'^ ^ 

Method of Analysts Algorithm via Poissonian probability based 

ZrThe^'t' T' ^-o^. Lhods of 

APPENDIX IV-Ordermg of Associations: Ma.rix Method, and 
with F Level Memory Layer 

sIlicTr 1 ConnguraUon- which is ana7ogo o 

Iluva io' T spontaneously because the 

orm a string . and the mput to the "String" Ordering Layer are based on 

'^"xh" 'rr^^'-:'^ ^^^^^j, . probabi. 

operators. The denvation of the predominant configuration structure is 
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given in SUB-APPENDIX Vll-Comparison of Processing Activity ,o 
Slatjslical Thermodynamics/Predominant Configuracion. 

A now diagram of an exemplary hierarchical relationship between 
the characteristics and the processing and storage elements of the 
present "processor- is shown in FIGURE 18. BGURE !9 is a flow diagram 
of an exemplary hierarchical relationship of the signals in Fourier space 
comprising "FCs". "SFCs". "groups of SFCs". and a "string" accordance with 
the present invention. An exemplary layer slnicturc is shown in FIGURE 
20. A flow diagram of an exemplary layer structure and exemplary 
signal formal which demonstrates the relationships of the inputs and 
outputs of the processing layers is shown in FIGURE 21. 

All layers comprise processor elements called T elements" each 
with a system function response defjowl as the "impulse response" (Eqs. 
(37.22-37.24)) and an output (herein defined as the "P element 
response") shown in FIGURE 6 comprising a "pulse train of impulse 
rcsponses"-an integer number of traveling dipole waveforms (each 
called an "impulse response"). The Fourier transform of this signal is the 
convolution of a sine function with a periodic scries of delta functions 
where the amplitude and the width of the sine function is determined by 
20 the integer number of -impulse responses" of the signal. In a preferred 
embodiment, the amplitude of the "inipul.se response", the temporal and 
spattal spacing or repetition frequency of the "impulse responses", and 
the integer number of "impulse responses" of the "P element" signal is 
proportional to rate of voltage change called "depolarization" of the "P 
2 5 elcmem". This rate is determiried by the amplitude and rate of change of 
the input. Thus, in the preferred embodiment, each "P clement" is a 
linear diffcrentiator-the output (pulse train of "impulse responses") is 
the sum (superposition) of the derivative of the inputs. Additionally in 
the embodiment, the "P element" has a threshold of "depolarization" to 
30 generate an output. In this case, the Fourier transform of "P element 
response" comprises a repeated series of a Fourier component herein 
defined as a "FC" with quantized frequency and phase angle. In another 
embodiment, the amplitude is also quantized. In *.« -space, the Fourier 
transform of the "impulse response" function filters the "FC" of a "P 
clement" and is a band-pass when the spatial frequency of the "FC" is 
equal to the temporal frequency (i.e. the "FC" is band-passed when 
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An exemplary output signa! of an analog element" lo an input of 
the fonn given by Eq. (37.26) is given in lime by llq. (37.27) (the 
parameters p^, z^, and N may encode quantitative information such as 
intensity and rate of change of a physical parameter such as 
5 temperature) and in A:,d)-space by Eq. (37.32). The latter equation is that 
of a scries of a Fourier component with information encoded in the 
parameters and TV of the Fourier component. "P elements" arc 
directionally massively interconnected in terms of the inputs and the 
outputs of the present invention which may superimpose. Multiple "P 
I 0 elements" input into any given ''P element ' which then outputs to 

multiple "P elements. The Fourier transform of the superposition of the 
output of multiple "P elements" is a repeating Fourier scries-a repeating 
series of trigonometric functions comprising a series of Fourier 
components "FCs'* herein referred to as a " SFCs Exemplary 

1 5 reprcscDiations arc given by Eq. (37.33) and Eq. (37.33a). Thus, the 

present "processor" may function as an analog Fourier processor. 

All layers also comprise memory elements called elements" thai 
store an input such as a "P clement response". The stored "P element 
response" may be recalled from the element". Each ''M clement" has a 

2 0 system function response defined as the "impulse response" (Eqs. (37.22> 

37,24)) and an output (herein defined as the "^M element response") also 
shown in FIGURE 6 comprising a "pulse train of impulse rcsponses'-an 
integer number of traveling dipole waveforms (each called an "impulse 
response"). In a preferred embodiment, the output, the "M element 

2 5 response", is the product of the "pulse train of impulse responses" and a 

time ramp. In this case, the Fourier transfonn of element response" 
comprises a repeated scries of a Fourier component herein defined as a 
"FC" with quantized amplitude, frequency, and phase angle. An 
exemplary output signal of a group of analog "M elements" to an input 
time ramp is given in A:.6>-space by Eq. (37.33a) (the parameters ^ , 
A^.^. and of the recalled function are typically the sajnc as those 
stored). The "M elements" are directionally massively interconnected in 
terms of the inputs and the outputs of the present invention which may 
superimpose. Multiple "M elements" input into any given "M element" 

3 5 which then outputs to multiple "M elements". The collective of multiple 

"M elements" including their stored inputs is referred to as "memory" of 
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•he processor". The coUcctive s.ornge of a signal such as a " SFC." having 
an exemplary represcn.aiion given by Eq. (37.33) lo muliipic "M 
cleme„.s- is called "slore eo memory". The collective acUva.ion of 
muL.p e M elements" to provide a signal such as a " SFCs" having an 
exemplary representation given by Eq. (37.33a) is referred ,o as "recalJ 
from memory". An exemplary representation of information "recalled 
from memory- with input context encoded by spec.fic modulation is 
given by Eq. (37.110). 

«,c,H^' A«°<="«^on Layer and the "String" Ordering Layer comprise 
cascaded processor stages which are herein defined as "stages" The 

lages need not be identical. Le. a.(0 be the impulse response J the i'^ 
stage and assume that /,.(,)^0. so that the step response of each stage (or 
•ndeed of any number of cascaded stages) is monotonic. Cascaded stages 
form filters. The Central Limit Theorem of probability theory states In 
effect that, under very general conditions, the cascade of a large number 
of l.near-nme-mvaria«. (LTI) systems will tend to have a delayed 
Gauss.an impulse response, almost independent of the characteristics of 
he systems cascaded. Sufficient conditions of the Central Limit Theorem 
arc given by Eqs. (37.52-37.55) of SUB-APPENDIX Il-Modulation and 
Sampling Gives the Input to the Association Mechanism and Basis of 
Reasoning. The collective of multiple cascaded "stages" comprises an 
association ensemble" that receives input such as a " SFCs" Each 
"association ensemble" serves as a heterodyne having an exemplary 
representation given by Eq. (37.50) by modulating the Fourier series in 
A:.a,-space. I, further samples the Fourier series in *.«-space The ■ 
modulation and sampling functions correspond ,o a delayed Gaussian 

p ' ^'''"^ ^^'"^P^^'y representation given by 

tq. (37,51). ^ ^ 

The "stages". "P elements", and "M elements" in one embodiment of 
he present "processor", are dircclionally massively interconnected in 
terms of ,he inputs and the outputs of the present invention which may 
superimpose. Multiple "stages". "P elements", and "M elements" input 
.nto any g.ven "stage". "P element", or "M element" which then outputs to 
multiple stages", "P elements", and "M elements". 

The Input Layer comprises transducers thai convert physical 
signals from the environment into measurements called "data" which in 
an analog circuit embodiment, is processed into an analog time signal 
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Which corresponds to a I-ourier seric. in i 

.ransforn, processor into a Foulr s riJ: . ^ 
prescn. ...vcntioa infornna.on is encoded n a 1"""" ^""''"^ "'^ 

derived fra„ s,„d, ' ° ' ki.owlcdg« 

FIGURE 21 whereby: Ass<«,.i,„„ Uyer shown in 

«empcra,ure recorded by a .ransduc' 

frequency and arnpli.ud^e p rrmct's . 'T^T^ T ""'""^ '"^^ 

r ramctcrs. p,^ and of each component of 

the Founer series (e.g. Eq n? ii^u , r . l' ^n' or 

or Che parameters -^ Cof'lh it^r J? .^^^^^^^^^ 

- :ei-rric:tnr:::;rr:^---^^ 

l-ourier .ransfor. .oJZrZ^y^Z':Z ^7 t 
•he input of ,hc transducers. P''^''"' "8"^"= ^' 
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1 5 



"'.) The input from the Input Layer to oth^r 

CMCSpOKiinj f„,u»ci.s wh„cb, »■» -space 

Lansduce, , H,!", °, ""''PO-ding ,o each 

encodes ,he i„p„ co„, A ' bv ' 

syscem ,„ , „emo,, s,,„e„ H e"»-P<>"ems of ,hc ,„„sd«cc, 

sc. or ,„e rrrirr* r • '"^•^'■^ 
" -pec. diff„c„, . jj::: y:,,!"*, 

reWionship .„ „,„ " ' a'^ t""" 

Clements, and the response of a 
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5 Clemen, is „c^J^ f" , " "'""Sducer 

memo,, U L ''" " " '™ ™l. 

rrrnc> . ^ '^°™P"5<='' of » mult.iudc of charge coupled devices 

.~ e j: " j" «»' 

.1. .L * ' "e""" >s » '""Mion of lime or cri> 
elemeii, (100,13) of a 512 by 512 ,r,a, of Pf-n. ^ . 

encoded .p..ir,c m^lolal '.iv:. "y To' my 
»v.) The relationship between the -data- J!t ,1 (37.110). 
Of eae. eompo,„„, ^^J^ 

Processor" by applying standard physical signals la , 
-ge.h.r .i., o,.e, i„fo,maU„. '.ZZ^ Z'T^Z, 

'0 Z; ot"',f rr''^-. - — - - '"""d and 

>5 information by es'abi sh^lo o representative of separate 

Fourier series "'f ^soc.at.ons between "string- member 

scnes. The assoc.at.on" between one or more Fourier series that 
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forn. the "string" occurs with Poissonian probability based on the spectral 
s.m.lanty of each association f.ltcred Fourier series member with that of 
one or more others filtered by the same or different associalion filters as 
described further below. 

5 The process of storing output from multiple transducers to memory 

further comprises creation of "transducer strings". In one embodiment of 
this case, associations occur at the transducer level, and "SFCs" are 
mapped to distinct "registers" from the corresponding distinct 
transducers responding simultaneously, for example. Consider a 

1 0 "transducer string" made up of multiple "groups of SFCs" where each 

■SFCs" represents information of the transducer system with respect to 
different transducer systems, a transducer element's rank relationship 
relative to other transducer elements, and the response of a transducer 
element as a function of time. Theie aspects of each transducer are 
15 encoded via time delays corresponding to modulation in -space 

within a frequency band corresponding to each aspect of the transducer. 

Two or more "transducer string" Fourier scries such as two or more 
"SFCs" may become "linked" which is defined according to a 
corresponding linkage probability weighting parameter wherein 

2 0 activation of one "string" Fourier series may cause other "string" Fourier 

series to become active in according to the linkage probability weighting 
parameter. The probability thai other "siring" Fourier scries are 
activated when any given "string" Fourier series is activated defines the 
"linkage". "Active" in .his case of an analog embodiment is defined as 

2 5 providing an output signal; thus, "activate" is defined as causing an 

output signal. "Active" in a digital embodiment is defined as recalled 
from memory; thus, "activate" is defined according to causing a Fourier 
series to be recalled from memory. 

In a general sense, the "string" in Jl.o>-space is analogous to a 

3 0 multidimensional Fourier series. The modulation within each frequency 

band may encode context in a general sense. In one embodiment. i< 
encodes temporal order, cause and effect relationships, size order, 
mtenstty order, before-after order, top-bottom order, left-right order, etc 
which IS relative to the Iransducer. Funher associations are established 
3 5 between "groups of SFCs" (i.e. a new "string" is created) by the 
Associalion Vihar Layer. 



wo 99/34322 



PCT/US9a/27624 



32 



The Association Filter Layer receives multipJe Fourier series frrm 

s nng of .nun.p,e Fourier series each representative of separate 
. .nfor.a„o„ by establishing "associations" between "strinr Ln^ber 
5 Pouner senes PTGURE .9 is a now diagram of an exe„,p,ary hierarchical 
rclal.onsh.p of the signals in Fourier space con,prist„g TCs" "SFCs" 

Each I C .s carried - (processed as a response ,o an input) by a "P 

.0 ^0^0 ,1 :S ^ "M element- L shown in 

riGURE ,8 which ,s a flow diagram of an exemplary hierarchical 
r lat.onsh.p between the characteristics and the processing and storage 
Cents of the present "processor" Hach Fourier series such as a "SFCs" 
represen .„g .„formation is ni.ered and delayed in ,he time domain 
(modulated and sampled i„ ,he frequency domain or .«-space) as it is 

15 recalled from memory and "carried" (processed as a re ponse to ti e 
.nen^ory ,„pu.) by a series of cascaded association "stage's" called 
»ssoe.at.on ensemble" or "association f.l.er". Since the Fourier scries i. in 
^...-space. the modulation corresponds to a frequency shift. Each 

2 0 .'""T^" " "'^'''^ ''"'^^^ -""'P"^ oM^cr -association 

2 0 ensembles at the .eve. of the "stages". The "association ensembles- 
produce mterference or "coupling" of the "SFCs" of one set of "stages" with 
.ha of another by producing frequency matched and phase locked 
rour.er ser.es -sums of trigonometric waves that are frequency matched 
and per.od.cally in phase-that give rise to "association- of .he ' 

2 5 corresponding recalled or prior processed informadon 

or morfr'""" '^^cciations- between one 

or more Founer senes that form the "string". "Coupling- refers to 

naToT'^K '^'''^"^^ -"-"les- in an 

analog embod.ment. ,„ a digital embodiment, "coupling" refers to 

3 0 cnlculatmg an -associaUon- probability parameter based on the spectral 

.n,.lan.y of the each Fourier series such as a "SFCs- filtered by an 

brre'rmVo'd-fr'' ^^^^^^ ^-^^ 

by the same or different "association filters". The statistics may be 
Po,sson.an. "Association" refers to recording "coupled" Fourier scrL to 
3 5 memory based on the probability of the "coupling- ,„ a digital 

as associated based on a zero or one outcome of a probability operand 
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applied ,o .he -association' probability parameter and recording the 
assocatcd" Fourier scries to ,nen,ory. The "association" probability 
parameter based o» Poissonian probability is derived fro,n a correlatior. 
foncfon tn SUB-APPENDIX IH-Associa.ion Mechanism and Basis of 
Reasoning. The "association" probability parameter has a "coupling cross 
sec,.o„ amplitude and a "frequency difference angle" as parameters. " 
The former ,s a weighting parameter of the spectral similarity of Fourier 
series which may become "associated". The "frequency difference angle" 
.s the fraconal difference in the frequencies of the Fourier scries which 
may become associated" expressed as an angle. The derivation of these 
parameters as well as the derivation of the "assoc.a.ion- of Fourier series 
ihnt couple w,.h Poissonian probability is also found in SUB-APPGNDIX 

In a preferred embodiment, the "string" is formed by the ' 
Association Filter Layer with input con.ex,. In this case, "association- 
occurs whereby the "SFCs" or "groups of SFCs" such as those comprising 
transducer strings" comprise a transducer specific frequency modulation 
Jactor. Exemplary representations of "string" outputs of "P elements" or 
M elements" with input context encoded by specific modulation are 
fi.ven by Eq. (37.114) and Eq. (37.115). ,„ .his case, an exemplary 
representation of the "coupling cross section" amplitude and the 
frequency difference angle" based on the spectral similarity of the each 
r '""^ "association filter" with that of one or more other 

2 'i r^7 .?r. Tt*'^ -association filter.," is given by Eq. 

2 5 (37.111) and Eq. (37.112). t. j 

The "String" Ordering Layer receives the "string" as input from the 
Assocatton Filter Layer and orders the information represented in the 
string v.a a method developed by Mills for sequencing DNA called the 
Matnx Method" which is herein presented as a mechanism used by the 
processor- to sequence information temporally, conceptually or 
according to causality. Mrst. the "string" (multiple Fourier series)" is 
stored m memory. The "string" is recalled and processed by further sets 
of specfic association ensembles" that "couple" with other "higher level 
assocaltons". information with conceptual significance established by a 
previous execution of the present procedure. In it.^-space. each specific 
assoc.at.on ensemble" samples the "string", a Fourier series in *.«-space 
II also serves as a heterodyne by modulating the Fourier series in 
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particular half-w,dth parameter, a., of each specific "association 
ensemble". The collective sampling of the specific "association 
ensembles- provides a nested set of subsets of information where each 
5 su^ct maps to a specific time point coaesponding to the speciHc delay, 
of the specific Gaussian filter of the "association ensemble' (Eqs. 

(37.50-37.51)). The nested set of subsets of information is ordered by 
.he Matrix Method of Analysis Algorithm of Mills with Poissonian 
probab.hty based associations with input from High Level Memory. Each 

1 0 group of SFO;- of the input "string- has the. corresponding time delay 
parameter. 3^. and the half-width parameter. a„ of the Gaussian filter 
of the "association ensemble" (Eqs. (37.50-37.51)) thai resulted in the 
coupling" and "association" to form the "string". The process of ordering 
assigns a particular time delay. &, and half-width parameter, a,, to 

1 5 each "group of SFCs " of the output' "siring". The half-width parameter a 
corresponds to each specific delayed Gaussian filter that samples the 
input -string" ,n the frequency domain to provide each "group of SFCs" of 
tl^output -ordered string". Each corresponding particular time delay, 
encodes and corresponds to the time domain order of each "group 

20 of SFCs" of the output "ordered string". An order processed "string" called 
a P string- may comprise complex informaiion having conceptual 
conieni ' 



The Output of the Ordered "String" to High Uvel Memory Layer 
with Formation of the Predominant Configuration receives ordered 
strings from the High Level Memory and forms more complex ordered 
strings as shown in FIGURE 20. This layer also activates components 
within other layers. ITie Output of the Ordered "String" to High Level 
Memory Layer with Formation of the Predominant Configuration is 
analogous lo statistical thermodynamics and arises spontaneously 
because the activation of any "processor" component such as any "P 
element-. "M element", "stage", "association ensemble". "SFCs". "string- 
ordered string", -transducer string- having "linkages-. Fourier series ' 
linkage . input to the Association Filter Layer .o form a "string", and the 
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.npu, ro the -Siring- Ordering Layer are based on ,hcir past activation 
frequency whereby ac.iva.ion is effected by probability operators. In 
one embodiment, an activation probability parameter is generated and 

5 ITJ\ ^"""P--' A P-t>'^f>ili'y operand 

5 s generated havtng , value selected from a set of rero and one. based on 

he acttvanon probability parameter. ,f ihe value is one. the component 

.s activated. Thus, any "processor" component is randomly activated 

whcretn the activation is based on the activation probability parameter 

The act.vat.on probability parameter is weighted based on an activation 

10 rate. Processor" cotnponents may become -linked" which is defined 

according to the corresponding probability weighting parameter wherein 
activation of one "processor" component may cause other ••processor- 
components to become "active- according ,o the probability weighting 
parameter. The probability that other -processor" components are 

1 5 activated when any given "processor" component is activated defines the 
Imkage . 

The processing of information depends on and dynamically alters 
(through feedback) the total state of stored information, the cascades of 
association "stages", and the hierarchical relationships of association 
stages and stored information (memory). "Memory linkages" occur 
whereby recalling any part of a string from a distinct memory location 
•hereby causes additional Fourier series of the siring to be recalled 
Linkages' between "stages' occur whereby activating any ■stage" 
.hereby causes additional "stages" ,o become "ac.ive-. A strongly "linked 
group of cascaded association "stages" comprises an "association 
ensemble-, and a strongly linked group of memory elements comprises a 
memory ensemble". Repetitive activation of a "memory elemenl" or 
association "stage" increases .he probability of its future activation A 
configuration of "couplings" between "memory ensembles" and 
assocauoo ensembles" increases the probability of future activation of 
Ihe configuration. Analogously to" statistical thermodynamics a 
predominant configuration arises from the ensemble level. Consider the 
processor- on a higher level. The activation history of each ensemble 
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- — — . ••loivijf oi catii cnscmoie 

relates to a hierarchical relationship of coupled "memory and association 
ensembles which gives rise to a precedence of higher order predominant 
configurations. Pattern recognition. learning, and the ability to associate 
information and create novel information is a consequence. Machine 



wo 99J34i72 



PCTAiS98/27624 



36 



•earning arises by .he feedback loop of transducer input ,o ,hc coupled 

Pattern recognition and learning arise from .he massive direc.inn,. 
5 con„ect.v..y in .r.s of the output .o input relationships o . he ' 

processo where.n a superposition of -p ele.nen. responses' becomes a 
«perpos.t.o„ of trigonometric functions in frequency space al space) 
Information s digitized in amni:.,.^» f / f space). 

10 via the -P amplitude, frequency, and phase in *.fi,-space 

v.a the P Clemen, response". J, is then modulated, sampled associated 
^n ordere via the properties of cascaded groups of assLiftC ^^^^ 
wHh couphngs" governed by Poissonian probability. For the "procesJo - 
s.nce mformation is encoded in Fourier series in *Lspace spec ^1' 
Cays achieve the specific modulaUons equivalent to Lt o Te^l o I 
i 5 of conventional s.gnal processing circuits. I„ other words a cKkIc 

:te'"" ' r""'' '"^^^^"'^ ^'^-''^ --^^ context 
cor "on?"'' '""^'"'^^^ via ,.n. delays 

correspondtng ro modulation in *,a,-space within a frequency band 
co„csponding to each aspect of .he uansducer. The modu a.L a^d 

modu a.ton (AM) rad.o except that the Fourier series of the signal and its 
versus the ..me doma.n m ,he AM signal processing case. The filtering 

me hid , P*'™'''^ of information by a 

me hod developed by Mills for sequencing DNA called the "Matrix 
Method which IS herein presented as a mechanism used by .he 
3 0 .r'!"*"'" '° information temporally, conceptually, or 

3 0 according to causality. According .o the Fourier theorem any waveform 

asp<^ct of the umverse can be represented by an infinite series of sine 
and cosine functions as processed by the "processor". For the "processor" 
of the present invention, the trigonometric function is the basis element 
■iJ of information. The auamitv . cicmcni 

associ^^H , . T ^ '"formation such as "inpois" that can be 

on It being encoded .„ Fourier series in *..-space. And. .he number of 
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pulse poses „o <,iffic„„y Lthr, rfai lv L ?. " ' ^^""-^ 

seven .erms of a Fourier serils i„ ,h "P"""''' 
S art fit Th. . '""^ co"'Pr«sing the prior 

FW^nl 'mT? Recognition. Learning, and 

Frocessing Me.hods and Systems con,prise. analog or digital 

) prl^"^ -^'^^ ' .ore. 

^^^^ .o . 

Represented digitally, and the dig,a, waveforms are S^^^^^ 

.n a manner equ,valen. ,o the analog embodiment according to si 

pr<>ccss,„g theory such as the Ny,„is, .heorom. ,„ a pr err d 

embodiment, a digitally based "processor" ror«« • P'^f'^" 

and systems accoMino , P^^cssor comprises simulations methods 

n'v '^'g'"^ P^o^'^'^ing with 

w orm rT'^r" " •"'^ ^-''--^ 

eTirntly' '''^ ^"'''^^ ^"^ -"o'^^"-- perform 

th. nrf^y^^ exemplary layer structure in accordance with 

s....^ . ^ . P«^eseni invention comprises an analop Fourier 

d.»™. ™,„„ of ^^^^^^^^ J^^^^ 
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frequencies and/or nt (he Nynuisi raic m for™ 

operations of .he excmolarv ^ , r "P^" ^^'''^ '^c 

continuous funct o F ILn " T!' ''"''""^^^ '^'^^'^ ^'^ 
accCin. .o rLTer s^^o^r P^RBr 
-«c.ure an. e.e.p., o^r^llo^^^^^^^^^ 



] 0 



The Inpu. Layer receives data and transforms it i„,o a Fourier 
-f,e»o„,, .,ror™,i„„ as ,iv.„ H,. (3,.33, E, ,« 33.) 



_ a»l _ . 



15 



(37.33) 



{37.33a) 



20 



25 



y u in terms of ihc parameters p, and A„ of eacJ) 
hZtrV' ''^r""" '"P"' - «<^o"ded in time by a 

it:::- 
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analog waveforn, in the analog case and a mauix in the digital case 
wherem .npu, context of a given transducer can be encoded in time as 
delays wh.ch correspond to .nodulation of the Fourier series in ^...-space 
at corresponding frequencies as given by the terms /^''t"^-''-) of Eq (37 



stnf 



2;r 










(37.113) 



whereby the data corresponding to each transducer maps .0 a distinct 
memory location called a "register" that encodes the inpn, context by 
recording the data ,0 corresponding specific lime intervals of a time 
dmston structured memory, and Iv.) the relationship between the . "data" 
and the parameters p., and V.,^ of each compone« of the Fourier series, 
may be learned by the "processor" by applying standard physical signals 
to each transducer together with other infonnaUon that is associated with 
the standard. The information that is "associated" with the standard can 
be recalled and may comprise input into the Association Layer and the 
String" Ordering Layer during processing according to the present 
invention. In terms of digital processing, the data from a transducer 
having « levels of subcomponents is assigned a master time interval with 
« + I sub time intervals in a hierarchical manner wherein the data stream 
from the final „ ,h level transducer element is recorded as a function of 
time in the n + l th time coded memory buffer. During processing the 
Ctme intervals represent time delays which arc transformed into 
modulation frequencies which encode the input context. FIGURE 3 is a 
flow diagram of an exemplary transducer data suuclurc of a time delay 
interval subdivision hierarchy wherein the data from a transducer 
having « levels of subcomponents numbering integer « per level is 
assigned a master time interval with « + l sub time intervals in a 
hierarchical manner wherein the data stream from the final „ th level 
transducer clement is recorded as a function of time in the „ + | ,h time 
coded sub memory buffer in accordance with the present invention 

The process of storing output from multiple transducers to memory 
further comprises creation of "transducer strings". In one embodiment 
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associations occur at the transducer level and "SFP." 

distinct "registc's" from ,f. '"^PP*'^ 

Junction of „i„c. These aspects of each transducer are encoded via 
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.3 :--Xrr/^-L:3r;::r - 

Fouric?*sl2r'^" " ^"^'"^^"^ ^ n.ul.idi.ensio„a. 

encode con e , in '^^''"^"^^ ''-^ f-her 

25 tZ , ! ^" embodimeol. i, e^rodes 

r ^''"^ y order 



A FC of kq. (37.32) is a series of a Fourier component. A distinct 
upeT.su.on or series of "FCs" is caUed a "SFCs " wL fur.her 
upe„n.pose .o fonn "groups of SFCs". The data is digiU^d alcordinK 
^ c parameter A. of n,s. (37.33). (37.33aX and (37.87). InpT o 
h-gher layers ,s .n a Fourier series format in *.._space or data is 
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processed wMh a FFT (Fast Fourier Transform) rou,ir,c and s.ored .„ 
memory as a series of a Fourier componenl in *.fi,-space wi.h 
quan.rzed amplitude, frequency, and phase angle (Eq. (37.33a)) Or 
Oata ,s processed wilh a FFF (Fast Fourier Transform) routine and ' 
5 stored m memory as a series of a Fourier component in A...-space 

wuh quantized frequency, and phase angle of the form of Eq (37 33) 
In tins case, -groups of SFCs" representing information are recalled 
from memory with a time ramp multiplication of each "FC" of a "SFCs" 

1 0 ir 'i" ^' '''' '^'^'''^ ''''' mul,ip|.cat.on ,s 

0 performed v.a mulupHcation of corresponding matrices formed from 
the continuous functions by evaluating them a. discrete frequency 
values. A summary of an exemplary method of inputting data follows: 

a.) data Is recorded by one or more transducers each having one or 
1 > more levels of component elements; 

s«cj, as and of a Founer series in Fourier space wi.h input 
context representing the information based on Ihc physical 
characteristics and the physical context; 

c ) the data from a transducer having n levels of subcomponents is 
^signed a master time interval with „+| sub time intervals in a 
luernrchtcal manner wherein the data stream from the final „ .h level 
transducer element fs recorded as a function of lime in the n+l ,h 
time coded memory buffer; 



30 



d.) the „me intervals represent time delays which are transformed 
tnto modulation frequencies which encode input context (e g the 
transducer element relaUonship of more than one transducer 
elements, its rank in the transducer hierarchy, and the time point of 
data recording); 



c.) the representation of the data is given by Eq. (37.110) 
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(37.110) 

•cJ;? '^^^ (37.110) comprising a 

SFCs ,s evaluated ai discrete frequencies at twice the rate of the 

highest discrete frequency (^) ,o form a matrix for each "SFCs"; 

g. ) "SFCs" are mapped to distinct "registers" from corresponding 
distinct transducers responding simultaneously to form "transducer 
stnngs havmg a representation given by Eq. (37.113) wherein input 
context is encoded by the transducer modnlalion factor e'^-K-v^). 

h. ) in the digital case comprising "memory linkages" of a 
"transducer string", recalling any part of a "transducer string" from a 
distinct memory location may thereby cause additional "linked" 
Fourier series of the "transducer string" to be recalled. In one 
embodiment, a linkage probability parameter is generated and stored 
in memory for each "string" Fourier series such as a "SFCs" A 
probability operand is generated having a value selected from a set of 
mo and one. based on the linkage probability parameter. If ,hc value 
IS one. the conesponding Fourier series is recalled. Thus, when any 
part of a "transducer string" is recalled from memory, any other 

string" Fourier scries is randomly recalled wherein the recalling is 
based on the linkage probability parameter. The linkage probability 
parameter i$ weighted based on the linkage rate. 

As-^pciation Filter l.ay,>r to Form » "^ "\^^' 

Each "SFCs" is filtered and delayed in the time domain (modulated 
and sampled in .he frequency domain) as It is processed by a cascade of 
association fillers (subprograms in the digital case) called an -association 
ensemble-. Each "association ensemble" is weakly linked with multiple 
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other such "association ensembles". Ihcse "association ensembles- 
produce interference or "coupling" of one "SFCs" with another by 
producing frequency matched and phase locked Fourier series --sums of 
trigonometric waves that are frequency matched and periodically in 
phase-that give lise to "association" of the recalled or prior processed 
information "carried" by the cascade. The Poissonian probability of such 
"association" (Eq. (37.i06c)) is given by a correlation function given in ihc 
SUB-APPBNDIX in--As5ociaiion Mechanism and Basis of Reasoning 
wherein Eq. (37.87) and Eq. (37.89) arc parameters. 



(37.106c) 



(37.87c) 



(37.89) 



The set of 'associated" "groups of SFCs" is herein called a "string". The 
"string- comprises a Fourier series, a linear sum of "FCs". FIGURE 19 is a 
now diagram of an exemplary hierarchical relationship of the signals in 
Fourier space comprising "FCs". "SFCs". "groups of SFCs". and a "string" in 
accordance with the present invention. Each "FC" is encoded by a "P 
element" or stored into and/or recalled from a "M element" as shown in 
FIGURE 18 which is a flow diagram of an exemplary hierarchical 
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Clements of the present "processor". 

A summary of an exemplary melhod of establishing "association." 
between "groups of SPCs" (i.e. a creating a "string" ) w .h 

groups of srcs comprising a transducer frequency band modulation 
factor according to Eq. (37.110) follows: modulation 

Lq. (37.110) which ,n the digital case is evaluated at discrete 
frequencies a. twice the rate of the highest discrete frequency (i^^) 
lo form a "SFCs" matrix, is recalled from memory; ^ 

b. ) i« the digital case, discrete values are determined at twice the 
rate of the highest discrete frequency (^) of the Fourier series 
inputs of up to n different Fourier transforms of delayed Gaussian 
matrices"''''"' ^"' '''^ " ^'^^ 

c. ) in the digital case, the discrete values of each of n (n an integer) 

"rateT .^r"'"'. ' ^- 

eva ua ed a, discrete frequencies to form a "SFCs" matrix, are 
mu Mied on a matrix demerit by matrix element basis corresponding 
K> I e same frequency with one or more of the . different association 
filter matrices each comprising the Fourier transform of a delayed 
Gaussian filter (Eq. (37.50)); 

"^■'^ ' (37.50) 

d.) the "cotipling cross section" amplitude. A', and frequency 
diffcrence angle. of the harmonic "coupling", is calculated for two or 
more filtered mpuu. In ,he case of input context, the amplitude, 
Which follows from Oq. (37.87c) is given by Eq. (37.1 lib), and the 
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-1 










2 -i. 



(37.11 lb) 



(37.112a) 



(37 I06!n ^°;f^''"".P™bability of "association" is calculated (Eq 
37.106c)) w„|. ,hc "coupling cross sccUon" amplitude. /}' and 
frequency difference angle. as parameters; ' 

Jet h ''f r''" ^''"^"'^ "'"^ '"^ expectation value 

g.ven by the Po.ssonian probability of "association- (step e) is 
activated to return a value of zero or one; ^ H ; is 

g. ) if the output of the Poissonian probability operand is one then 

atu " ""^"^ ""'^^^ « «ted- and this 

status IS stored in memory; 

h. Mhc process of forming "associations" (Steps a-g) are repeated 
.nclud.ng processing the "SFCs" inputs and "associated" "SpJ iZl 
wuh mul..p,e "associ^ion ensembles" comprising Gaussian ^nrih 
Of different delay. ^U. 3„d half-width parameter. .o extend the 
number of associated "SFCs" to form a string; 
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i.) in one analog embodiment, the outpuc i„ liouricr space is ihe 
■•string- given by Uq. (37.113) comprising the superposition of 5 
groups of SFCs" wherein each "SFCs " corresponds ,o the response of M 

omnul V T": '"P"' embodiment, the 

output Vj, IS the -siring" of Bq. (37.114) 

it' 



wherein each "SFCs" is mul.iplied by the Fourier >ransfo„n of the " 
delayed Gaussian filter (Eq. (37.50)) (i.e. the modujation factor 

"occ„^-,.- " . / V ^ 8^^*^ "coupling" and 

association to form the "string". I„ the digital case, the output in 

Fourier space is the "string" given by Eq. (37.113) comprising the ' 
superposition of s "groups of SFCs' wherein each "SFCs" corresponds to 
a matnx d.g,t...ed according to Eq. (37.110), with input context. In 
another embodiment of the digital case, the output is the "string" 

of Eq. (37.114) wherein each "SF-Cs" corresponds to a matrix digitized 
according to Eq. (37.110) that is multiplied by a digitized matrix 
according to the Fourier transform of the delayed Gaussian filter (Eq 
(37.50)) which gave rise to the "coupling" and "association" to form the 
string". 

"Strinf" Orderin p l aypr 

The "siring" representing information is temporally or conceptually 
ordered via the Matrix Method of Analysis of Mills [3. 4]. Each "group of 
STCs" of the input "string" has the corresponding time delay parameter. 

and the half-width parameter, a„ of the Gaussian filter of Ihe 
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"associaiion ensemble" (&,. (37.51)) that resulted in the "coupJing" and 
association" to form the "string" 

t$. 

The "string - comprises a Fourier series, a linear sum of "PCs" each 
multiplied by its corresponding Gaussian filter modulaUon factor and 
modulation factor which encodes input contexc {Eq. (37.114)) Therefore 
new series of "FCs". "SFCs" or "groups of SFCs". may be formed using ' 
additional "association filters" that sample the Input "sting" in k.co- space 
In a preferred embodiment, the string is sampled with specific 
association ensembles" which provide a "nested set of subsets" of 
mformation comprised of a "SFCs" and "groi.ps of SFCs" where each 
subset- sampled from the input "scring" maps to a specific time point 
corresponding to the specific delay. ^. of the specific Gaussian filter of 
Ihe -association ensemble" (Eqs. (37.50-37.51)). The process of ordering 
I 5 assigns a particular time delay. and half-width parameter, a,, io 

each "subset" of the output "string" using the "nested set of subsets" as 
mpul to the Matrix Method which is herein presented as a mechanism 
used by the "processor" to sequence information temporally, 
conceptually, or according to causality. 

Consider Eqs. (37.33) and (37.33a) which represent a "SFCs" in 
k.(o-space comprising a Fourier series. A "string" is a sum of Fourier 
scries which follows from Eqs. (37.33) and (37.33a) and is given by Eqs 
(37.107) and (37.108). ^ ^ 



(37.107) 
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(37.108) 
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The corresponding equations in ,I,c ,i„,e domain arc a of m«lrinl! 
finue scries of .ave.ing aipo.es (each «n "i.np^.se re.p oni; T 

:spcs.) L.3.es^::;XLTr.er^^^^^^^^^^^ ^ 

processor ..npkmen.s ,hc Matrix Method of Analysis to find the order 
of .he assocatcd pieces of information represented by each "SFCs" o 
group of SFCs" of the "string" 

Consider the time interval r., ,o , = r, of a "strin," associated by 
ssoc.a.,on ensembles" and recorded to memory. By processing the 

wuh n,„,„p,e "as^iotion ense.b.es" compri'sin; GaossL! filters 
each Of different delay. JK, ^nd half-width parameter, a., the -string" 
can be "broken" i„,o Vo«ps of SFCs" each having a center of n,ass .t a 
..me point corresponding to the delay ^ and frequency composition 
corresponding to a. which form a nested'set of 'sequential subsets" of 
groups of SFQ." of .he "string" i„ ,.._space which map to time points 
wh.ch are randomly positioned ilong the .i^e interval from Z 
and the r = ,,.rde as shown in FIGURES 8. 10. 12. and ,4. This nested se' 
of -sequential subsets" of random "crootw of SFr." ™« • . ! 

'i'nc points from the r = r.-side a"d ?teT-r Jde , T"^ 

, ana me /-f,-sjde is analogous to the 

e„T of random DNA fragments from the 5' 

end and the 3' end. The order in both cases can be solved by th" 
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Genomic DNA Sequencing Mc.hod/Ma.rix Method of Analysis of Mills (3 
4] described in SUB-APPENDIX V. 

^ The ou.pul of an association filter is ,hc convolution of (he input 
groups of SFCs" ( each "SFCs" is given by Eqs. (37.33) and (37.33a)) of a 
sinng (Eq. 37.108) or the string itself with a delayed Gaussian In 
terms of the matrix method of analysis (hereafter "MMA"). the filter 
parameter a of the time delayed Gaussian filter corresponds to the 
acquisition of the composition of a polynuclcoUde member of a nested set 
of subsets. The time delay (time domain) and modulation (frequency 
domain) parameter ^ determines the center of mass of the output, and 
il corresponds to the terminal nucleotide data. By forming "associations" 
with mput from "High Level Memory", the "processor" determines the 
rclaiive position of the center of mass of each Fourier series such as a 
group of SFCs" as either "before" or "after" .he center of mass of the 
preceding and succeeding Fourier series "associated" with Fourier series 
.nput from "High Level Memory". The complete set of Fourier series 
associated" with Fourier series input from •High Level Memory" covers 
all of the frequencies of the "string". By Parscval's theorem, by 
processing the entire interval in *,<.-space. the information is entirely 
processed in the lime domain. The order such as temporal order of the 
Fourier series representing information is determined using the MMA 
"Groups of SFCs" such as the "groups of SFCs" represented by Eq 
(37.110) comprising a transducer frequency band modulation factor 
earned" , by "association ensembles" "couple" with Poissonian probability 
Assocauons- are established between "groups of SFCs" that result in the 
output of a second ordered "string" created from the input -string" In 
this case of input context, the "coupling cross section" amplitude ^' 
which follows from Eq. (37.87) is given by Eq. (37.111). And. the ' 
frequency difference angle., of the "coupling" which follows from Eq. 
3 0 (37.89) is given, by Eq. (37.112a). 

Input to form "associations" is provided by changing the decay 
constant^ a and the number of "stages" in the cascade N. or by processing 
a J>FCs of a "sinng" using an "association ensemble" with different 

stnng Each group of SFCs" is determined to be on the , = ,,.s.de or the 
f-/,-sidc of the "axis- of the "string" corresponding to the 5 -sidc or V- 
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-responds .o .U..^, Z ^ s.-'r wr'^" ''''' ^'-^ 

^ - ...... P3_.i. ;l . 

-.h n conco..a„. change in .he delay. K ,,,, „^ ^J" 

"known" from pas. experiences and associations The feedbncV I 
whereby .nfonnation from memory encoded i„ .k - 

delayed (modulated and san^nlT r "'"^^^^ and 

Leve, Memory"' r il?,he la" ""'b" 
.o .he rorma.iL:a:;„t . :7a r,:-:^ 
.erminal nucleotide data of a sc. of '1 

Method of Analysis ChlL , r. ^"' '^'^ ^^^'"^ 

1 < """ysis. Changing the filters which oroce^^ thn • - 

15 corresponds to changing the "puess" of ,h. ^ ""^ 

K,K,K,K, .K aswHI,. .K - . ^ nucleotides, 

. J «... as well as the "unknown" nucleotides. X X X Jc ,u 

20 f,l,„s. Then <»ch F<,„„„ je,),, ,. „ , »a»si3„ 
represented by e '''"^-^i/^Ti^''-''^ "il'-^rj;) -'^C'-'.-) 

»i.h i„V. 1, ,?,, 'T . '° '"""^ °f « -M 0, P .,.„e„,.-. 
' context. ,s the string" g,vcn by Eq. (37.113). 

ouner scries (e.g. each a -group of SFCs") follows: 

a ) ,he "string" of ,he Association Filter Layer ,o Form a "StrinP 
Sccnon ,s recalled from memory; » • orm a Stnng 
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b. .he recalled ■siring- is filtered and delayed (mmlulatcd and 
sampled .n frequency space) ,o provide input ,o form "associations" 
w.lh H.gh Level Memory- as given in the Associat.on Filter Layer to 
horm a "String Section; 

c. ) a feedback loop is used to sequentially switch as described 
be ow to different "known", "standardized", "set", or "hardwired" 
delayed Gaussian filters which corresponds to changing the decay 
constant, a., with a concomitant change in the halLid.h parameter 

andjhc number of elements. N„ with a concomitant change in thij 
delay. where each a. and & -.^^^ardized" from 

past "associations'; 

^ d.) "associations" are established between Fourier scries by their 
couphng" with Poissonian probability wi,h Fourier series input from 
High Level Memory" as given in the Association Filter Layer to Form a 
String Section. The "associations" establish the relative position of the 
center of mass of each Fourier series such as a "group of SFCs" as 
either "before" or "after" the center of mass of the preceding and 
M.ccecdmg Fourier series "associated" with Fourier series input from 
H.gh Level Memory". The complete set of Fourier series "associated" 
wuh Fourier series input from "High Level Memory" covers all of the 
frequencies of the "string"; 



c.) groups of SFCs" of a sequential "set of subsets" arc sequentially 
mapped to a time line by being added to the "before" or "after" end of 
the croergmg temporally, conceptually, or causally ordered "string- 
wherein assignment of each "group of SFCs" is consistent with the 
frequency compositional and center of mass data to arrive at the order 
■iv of the entire "siring"; 

f.) steps c). e) arc performed reiterativcly until an order can be 
assigned without contradiction; 



^ g.) the order of the associated "groups of SFCs" is established when 
associations" with tl)c "High Uvel Memory" are achieved for a given 
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set of delayed Gaussian filters (i.e. the order is established when 
internal cons.tence is aehieved with input fron^ ordered ''strings" of 
High Level Memory); ^ 

o^d. ' P-^^-^c-cmed according ,o .heir rcUrive 

onler are recorded to ,he "High Level Memory". For exon^plc. each 
Fourier ser.es of «.e ordered string is recorded ,o the "High I cvcl 
Memory • whereia each Fourier series of the ordered "string- is 
1 0 „.u,nphed by the Fourier transfonn of ,he delayed Gaussian filter 

represented by /H'"^^) /'T^^'**"'' -^^f'-^*^* 

15 (37.115) 
F prnnat.Qn of ihp _Predomin«n. rr..r,^,.,^,-^^„ 

on K J!-' ' '"^'^^^^ excitability or 

20 probab,l.ty of future activation with input. Each "P clement" has an 
actrvat.on memory with a finite half-life. Repetitive activation of a "P 
cleincn. results i„ a longer half-life of the increased excitability; thus, 
the acvatron n,emory becomes long term. The same principle applies to 
c^eadc of association "stages- ("association ensembles-) and M Iment 

FrZlZJrT"' °' of ensembles. 

For example, each •as..oc.a,ion ensemble" is comprised of "stages" in 
different states of "activity" where each state is equivalent to a 

aTJseTfora"' '''^™°^^"-'«- ^ predominant configuration 

anses for any association ensemble". Of the immense total number of 
3 0 mtcrostates that can bo assumed by an "association ensemble" T 
overwhelming proportion arises from one comparatively, small set of 
conf.g«ra..ons centered on. and only minutely different from the 
predom.nan. configura.ion-with which they share an empirically 
.denfcal set of macroscopic properties. On a higher level, a configuration 
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su ,s.c I .hcr.nodynam.cs. a prcdo„,i„a„t configura.ion arises from the 
assoc.a..o„ ensemble' level. Consider the "processor" oa a higher Icvd 
Tl« acvauon history of each "association ensemble" relates to a 
hterarchica. activa.ion relationship of coupled "association ensembles" 
which gives nse to a precedence of higher order predominant 

nformafon. .s a consequence. Machine learning arises by .he feedback 

'r " connguratio:s rhich 

lonteT "''"^^ information with novel conceptual 



A summary of the method of Output of the Ordered "String- to High 
"ollols '"^ Configuration 

t /.1 13-37. 115) that arc parameterized according to their relative 
order are recorded to the "High Level Memory-; 

.n.^^t '^^'^'^P'*"''*"^ '° ^'""fi" and each "nssociation 

ensemble increases its stored count each time the "P string" or 
assocation ensemble" is activated. In one embodimcm. the count is 
also proportional ,o the length of time the "P string" or "association 
ensemble ,s •active", and the count decays over time 

c. ) the count is transformed into an expectation vaiue and stored in 
a probabihiy register which corresponds to each "string" and each 

association ensemble"; 

d. ) during the process of establishing "associations" a probability 

"rrZ" ' — '>'<^" «-come 

acve with an expectation value according ,o the value stored in its 
corresponding probability register; 

f.) on a lower level, the mechanism whereby past activation 
increases the probability of future activation applies to "P and M 
elements" as well; 

e. ) as more "P strings" are created, more "P elements". "M elements", 
and stages are activated, and more "association ensembles" are 
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created and activated, the relationship of (he probabHity of future 
activation based on past activation gives rise to a processing 
predommant configuration of the "processor" analogous ,o that of 
statistical thermodynamics. 
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SUB-APPENDIX 1 

Ihe input «„d ,hc Band-Pass Fihcr of U.e Analog Pokier Processor 

.n»r- ^ '"^'^'•"S — - one 

spaua, d™cns,o„ (p) pi„s ...e = ,3,, ^ 

dipolc traveling at a conslant velorirv tu 
-pulse response- centered a, the position (p'^) is 

flP-Po)'+(?-Zo)'r' (37.22) 

where 

-n>c potcn.iar.s .L convolution of the system function H(p A aj]!i!'^ 

^^^^ 

„f c . ■ Juncuon, A(p.2). ,s given in Box 16-1 

the S„p«ct,vi,y Section of Mills f6). Also, sec Mills (7]. 

.he Foul rrr;7;rii:^c; 

"-■»iurm. rti*,,*,}, whjch ts shown jn FIGURE 7. 

(37.25) 

or .0,?-. ' " ''^"^ ^ P"^- of one 

~ ^•^'"-^ -P--" > -In funcon. is 

ele JeXl p^rn ;:s.e'n:'r" r"' ''r f"^"'^' '^"''^ 

function nf - ''(^•^)---"'<= =^P»«time potential 

function of a„ „„p„„e response". And. the array pattern is a finite 
penodjc array of delta functions each at the center position of an 
impulse response-. K^^non oi an 
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~~X — >^ + ■ 



(37.26) 

where a, is a constant and u{p^^ ,.Ny,A 

V 2 unitary step function 

2 2 V 2 ~i ''^'^ unitary step 

function at position pr^^a^dr-^h. ^w, , 

2 2 = V- '^""•P'« elements- input 

*riva,ive of i„„.,, ./ T " '"^ ("•P<='P«si.ion) .f u,c 



01 



(37.27) 



(37.27) „ , ^, ^^1^^ ^^^^ J.„-,p„e ^' 



'.Z, I ' „J 



(37.28) 



20 



rLr„:r o/" " "-^^ ^--^ 

Of .wo sine ru„c.io„: iH Is^L ^^^•"> Product 



I 1-2_ • 7 



25 



function given bTrfJ; 25?". k"" 

8 by Cq. (37.25). and the Fourier Transform of the array 



(37.29) 
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funcion g,vcn by Eq. (37.28) convolved wi.h cbc Fourier transform of ,hc 
window fur»ction given by Eq. (37.29). 

1 + ^, P«*o — p„ ' wJ * I (37.30) 

Each "P clen,c„.- is an li„e.r differc„tiator-,he ou.pu, is ,he sum 
uperpos,uo„) of ,he derivative of .he inputs. Tb. differentiation 
property of Fourier transforms f8J is 

Differentiation rii^ _ , . 

rf, *=* y2Afsr(/) 

From Eqs. (37.30) and (37.31). .he Fourier transform of a "P element 
response". v[k^,k;\, called a "FC is 

Information "carried- by "P elements" may be represented by a Fourier 

senes called a "SFCs " (series of Fourier components) comprisLg the 

.uperpos...on of .he "P element responses" of multiple "P elements" Each 

P Clemen, contribute., a Fourier componen, comprising an amplitude. 

-^o.^ at a specific frequency ^-^o, . . 

^ 2 * ^l\\ch IS repeated as a series 

with a specific phase, f^. a "SFCs" comprising the Fourier transform of 

•«.e superposition of the "P element responses" of M "P elements". , is 

rcpresenred by 



(37.32) 
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nach "FC" of 0,. (37.33) is a series of a Fourier co.nponcn. wi.h ,111^1 
frequency and phase angle. ' 

. ^T*'^t' '^^''^ •'^'^ amplitude of all "P element responses" 
are equal where each amplitude is represented by «. . The ••pTement' 
response" function given by Eq. (37.33) corresponds ,o recording to 
mcrnory ("writrng"). Consider the case that memory eJemen.s are 
activated to read ,he stored information. In one embodimcat. this "read" 
operation is effec.ed by a voltage ramp ,ha, is linear with time The 
Founer transform of the response is g.ven by ,hc d.fferen.ia.ion and 

t" in m"'" '^'"^^^""^ '^'^ •■^<^«<1" 'ot^j response 

m I our,er space comprising a "SFCs". the superposition of M "FC^ 

wherein each "FC" corresponds to the response of a "M or P element" is 



1 0 



4/r 4 Af._p„ N 



15 kl 



Each ^TC of Eqs. (37.33a) is a scries of a Fourier component with 
quanrized amplitude, frequency, and phase angle. 

The relaiionship between A:.ei>-space and real space is 

2 0 ^ P ^Po 

k^ — = 1^^2JL (37.34) 



In ^.'--space. ,hc Fourier transform of the "impulse response" function 
(the left-hand stde of Eq. (37.33)) f.hers each "FC" of a -p element" In 
the .<;pccial case that 



(37.35) 
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(37.33)) IS given by ^' 

Thus, .he Fo»uier Transrcnrrof ,hc s,s,c. func.ion band-passes thf 
ro«r.er Pransfo™ of Che time dependcn. T elemen. response" f„„c.ion 
when .he spa.al frec.ncncy of the TC" is eq„nl ,o ,he temporal 

adjusung ,hc P Clemen. • response corresponding to versus k such 
that the band-pass condition of Eq. (37.35) is not met. In an anllo. 
embodiment, the "FC" m»v hf mt^^.A ■ . ^ 

. c I u may be filtered by adjusting the "impulse 

response frequency as a function of time and therefore space 
correspondtng to A, since the "impulse response" .s a "avcHng wave ,„ 
another analog embodiment, the "FC" may be fihered by adjusting the 
conducon velocity which alters the output corresponding to k 

.r.„.f "^"'"r";' ,hc Fourier 

transform of the superposition of a series of pulse trains of "impulse 
responses" of multiple "P elements" representing information is ' Lies 
of .r.go„ome,r,e functions. Thus, in one embodiment of the present 
|nven.,on. the "processor" .s an analog Fourier processor. According to 
.he Fo«r,er theorem any waveform can be recreated by a„ infinite series 
of trigonometric functions. 

W = o* + cos &>,/ + J) 5. sin w.r (37.37) 
where a,, a,, and t, are constants.' And. any'"aspect of the universe can be 
represented by an infinite series of sine and cosine functions as 
processed by the "processor". For the present "processor" ,he 
trigonometric function is the basis element of information.' And Ihc 
complexity or information content of any analog waveform or digital 

r::t;iair"" ""-"^ ^ -~ — 

H ""'''"r information is 

encoded m a Fourier series in t..,-spacc versus a conventional Fourier 
scrjcs in lime and space. 
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SUB-AI>PENDIX II 

Modulation »„d Sampling Gives the ,„p„, ,o .he Association Mechanism 

and Basis of Reasoning 

Each T Clemen," connects to mul.ipJc other "P elements" which 
luriher connect to association "^lao.^c" tK^. 

r..^ • ''"'^■^"On stages that propagate the "P element 

7ZinT f"S'»»"«"^'«Scs" in a linear cascade. Consider an 

l^i l ,71 ' »c>. be identical. 

Let MO be the .mpulse response of the s.age and assume that H,)>0 
so that the step response of each stage (or indeed of any number of 
cascaded ..ages) is monotonic. Assuming that both Integ'arex . r .he 
norn,al.2cd first moment of is defined as 

atn^hrta',i;"'TT ^'^'''y » <^-«"«>".ed 

along the t-ax.s w.th dens.ty H,(,). ,f 

probab.h,y de„s.,y fune.lon. and T corresponds to the statistical anolog- 
Uie mean of ^(0- Thus. is considered as the measure of the delay in 

c4Zof" "T"" "^^^ '^''^ •^^'^>' -"''-8 from a 

cascade of « stages ,s the sum of the delays of each stage (9]; that is if 

M')=^(0«>A,(0® -•»*.(/) (37 39) 
where ® is the convolution operator, then 

T=T,+T,^-.. + T, (374oy 

Similarly, assuming that both integrals exist. (^J. .he normalized 

moment of i„cr.ia about a center of gravity of a mass distribution hi.) is 
^ J defmed as 



1 5 



20 



~ r? 



= 4 — 
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1 5 



.s posiUve. ic .s analogous .o a probabiii.y densi.y funcion. and 
( 2'j can be interpreted as ,bc statistical analog-thc variance or 

d.stnbu..on. Thus. A7; is a measure of the duration of ^ (0 or of .be rise 
time of the step response of the ..a,,^ ti 

cascade- of „ Z ■ 7 ^ "^'^ ""''^ resulting from a 

case de of . stages ,s the sum of ,hc rise times of each stage HOJ- that is 
II h(t) IS given by Eq. (37.39), then 

W-K)'+('ir,)S-...-(47-.)' 
Thus, in particular, for identical staees the ri.^ tim. : 
square root of the number of staJs U « Proportional to the 

It,.. •.• r ^ '^'^ " positive, rather than 

Hie definition of Eo /37 4n iUr- ^ r . . 

•^q- iJ/.4I), the measure of duration is better defined as 



'jhHt)dt 



= 4 — 



(37.43) 



mple ' /""^^ -alytically satisfactory 

s- nple general measure of duration; for virtually any a],) for .hich ,„e 

.n.egra is exist. Eq. (37.43) will give a reasonable estimate of duration 

(AH')'=4=^ 



(37.44) 



20 



respectively, i. .s possible to prove the following U.ce.ai.,y lUi^u 



(37.45) 
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.ra„s.i,j r,o™. - » 

o«,K^r T ^ '° «hc cascade. In on" 

which ,U„ h.',hc "1, fol . " ' 

«y«e™>, even „i,„ .ubmnLrZ. r ', " f 

The frequency response of ,he cascade of N such stages is 

"-(/) = (//(/)]" = 



(37.47) 



and using the power series expansion 



„3 



' 2 3 (37.48) 



The power series expansion of the In H, is 



(37.49) 



where ihc remaining terms vanish as fast as for large N. Thus, the 
2 5 frequency response tends to 

for large and the impulse response of the cascade tends to ^'' ''^ 
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Ml 



' ^ (37.5J) 

•hat is. a Gaussian pulse delayed by ^ TK:c , i. ■ 

yea oy ^ . Th.s result is a very special case 

of a remarkable theorem riOI-lhc CenJral I -ri. 

CKcade of a rargc numb., „, li»c.,.,ime-i.v«,i„, (LTI) s„,em, win 



1. llic absolute third moments. 



yj (37.52) 
exist for all components of the systems and are uniformly bounded; 

Z The ..rations. Ar,. of the component systems in the sense of Eq. 
(37.43) satisfy the relation 

For large N, the first condition allows the higher order terms in the 
expansion such as Eo m aq\ k . 
2n ^" ^ ^ ^ "^"^ 'gnorcd. and the second condition 

20 guarantees that no finite subset of ih* condition 

the re..,i, K.. u component systems will dominate 

Uu. result because the remainder have relatively wide bandwidths 
Given this theorem, it follows from Eqs (37 38-37 45^ I9i 1 . 1 .. 
impulse response of . cascaded sta^s " il'Ip^ ^^^^^ '''' '"^ 



^ ylzi&T (37.54) 



'"D.^"*" (37.55, 
E,. (37.54) is a nile, func.ion. Consider Eo. (37 33) where the 
F0«™, ,„»sf„™ Of ,„e s„pe,^si,i„„ of -p ej„l ^poll'" (t su™ 
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XK r. . decaying exponeniial given bv Eo m das 

The filtered s.gnal is ,he sum of the convolution of L rl^n^'J T 
rransmission stage of the cascade wl.h each "P e.L . '""^ 
•he dis.ribu.ive. co.n.n„ta.ive. and assolle 1:^0; ^^."""^ 
operation and using the Ceniral I in,;, t. . convolution 

^on, n,emory can be f.nered and delayed (modulated and san^pfed 1 
Finer Layer For example, consider the result on exemplary filter 
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SUB-APPENDiX m 
n>c Association Mechanism and Basis of Reasoning 

Xoup ltng" 



"activatd" wl,t 'T"'"" ^" "^^^ocmlon ensemble" is 

acuvatcd wi,h .nput from "M cJc«,cn,s". "P clcmen.s". or "stages" of a 
different association cn?pmhl,»" Tk .. • • J-'^ges ot a 

it is -carrvin." . r ' '•"oration ensemble" is "active" if 

11. ' ^ "S^Cs" wberein "active" in the 

digital case may refer to a rccalJ of an "<irn. - r " c m me 

1 0 steos a i of ih/ a. • I Z . followed by 

steps a . of the Association RUcr Layer to Form a "String" Section The 

"cZinT: r""'' ' - -'p"' 

ca ry.„g a Founer senes such as a "SFCs- wherein "inactive" in the 
digital case may refer to no recali of a„ "SPCs" from memory 
in analog embodiment, ihc "stap<*^" of ^„ - • • 
- are intraconnected and .n.ercon.cted/TLr-ir.i I ir^''" 

Ssoc.a„o» "stages" can interfere with and "couple" with a s^ond se. 

tt^ "acre" ""'^ 

20 '"'^.'^^ Poi«onian. Each "association ensemble" is 

20 composed of a large number of cascaded association "stages" each weakly 
linked to one or more •\tno,'<,' .i. wcaKiy 
ensembles" ^J- ? • "association 

ensembles . (The couplmg" ,s analogous .o interference between 

coherent or harmonic states.) The probability pj&,& ,,,3, ^ 



fcl -aci..- cscadc of asMclaUon -s,.ge>- „i,h „od„.,,ion /"^^) 

active cascades of association "tiaooo" /« • . 

association stages ( association ensembles") each 



with modulation e '^'i'^) 



. , S''"^" (3^-50) can be derived from the 

correlation function (Eq. (37.78) for the statistical average of the ^rg 

30 -stTgt- '""'^ "'^ individual leakly linJd 

The physical behavior of a large number of "active" cascaded 
™n "stages" (an "association ensemble") each weaKlyTked .0 
provide a Po.ssoman probability of "coupling- ,0 one or more "s.ages" of 
one or more different "association ensembles" is equivalent to thaHf 1 
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elcmen. response" whicr ^ ""^ - 

Physfca.,,. r 0 Je;L?~;"™ Thus. 

5 series inpu, fi„ere<l by Z ZlT °' ' '''''""^^ 

. .h p - ^ association ensemble" with a second .hir,. 

«8)r £ by . „„cfe„, ,„ , ^j,^^ Muad.d.n (111 

-£ )' + ir^ (37.56) 

.h. - . • P momentum of the y rav lU/l 

q- U/.56) as a„ ,„,egral, Eq. (37.56) is equivalcn. ,o 

wherein the position vector R(/) is ' 
R(0 = x(0+B(/) 

Por, Eq. (37.58). is the position vector of • • ^"'^^^ 

2 5 absorbing nucleus anH /n P^"''«» of *e 

Oq C37 57) In T ^ ^ " ^^P'-ement from the mean position. 
Cq. (37.57) foHows from Eq. (37.56) with the following subs.i.«tio„s- 

(37.59) 
(37.60) 

30 and «(/:,) denotes the Heisenberg operator. ^" 
u(/;,) = ,<l]"„(,.o)/{i}'' 

(37.62) 
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Where W is the Hamiltonian. The angular brackets in Eq. (37.57) denoic 
an average over che canonical ensemble of Ihe crysial. 

The correlation function for the s.aiisdcal average of a large 
number of "aciive" cascaded association "stages" (an "association 
ensemble") each weakly coupled to one or more "stages" of one or more 
different aci.ve" "association ensembles" is equivalent lo thai of the 
interaction of ultrasound with Mbssbauer gamma rays. Prom Eq (37 57) 
•he correlation function of acoustically modulated gamma ray ' 
absorption by MOssbauer nuclei is 

i3(0«{cxp(-,1t.u(/;r)jo.p|/k.u(/:0)|) 
In the present case. «(/) corresponds to the delay of an "association 
ensemble" s comprising a time delayed Gaussian filter. In *.ft,-space the 
lime delay corresponds to a modulation of the . th Fourier series (eg' "P 
or M clement response" given by Eq. (37.33)) that is "carried" by the 
association ensemble" s). Since the Fourier scries is a sum of 
tngonometnc functions in *.a,-space. the modulation corresponds to a 
frequency shift of the Fourier series "carried" by the "association 
ensemble- s. k of Eq. (37.59) corresponds to the wavcnumbcr of the 
frequency shifted , ,h Fourier series. of Eq. (37.60) is the shifted 

frequency of a first Fourier series that is "carried" by a first "association 
ensemble". 

In ihc case of acousucally modulaied gamma ray absorption by 
Mossbaucr nuclei. u(/;/) of Eq. (37.62) is ^ J 

u(/;0.,<^>u(,o)/<0^ (37.64) 
The matrix elements of Eq. (37.63) are calculated by using the theorem 

,V=.-'>" if [IA.B].A]=IIA.BIB] = Q (37.65) 
I'or a harmonic oscillator, the commutator of k u(/:r) and k .u(/:0) is a r 
number; thus. 

eCO = {cxp(-,k u(/:/)Jcxp{,k • u(/;0)j) 

= {exp{-«k.(u(/;/)- u(/:0)Jj)Xexp[l([k.u(/:,). k u(/.0)l)] ^"'^^^ 
Since the correlation function applies to an ensemble of harmonic 
followr "'^^"^"'ynamic average can be simplified as 
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H-'-^ •[«(/;,)- «(/;0)]D= exp[-I((k .[u(/,,)- „(,;0)))^)] (37.67) 
This Ihcorcn. is kno^v„ i„ lattice dynamics as Oti s theorem {13] or 
sometl«r,es as Bloch's theorem [14). Using the time independence of the 
harmonic potentiaU Hq. (37.67) is 

exp[4({u.[„(/;0-u(/;0)]}')]=ex^[l((K.„(/;Or (3, 

-exp-([lc.u(/)f) (37^9j 
Substitution of Eqs. (37.67-37.69) into Eq. (37.66) gives 

fi(r) = exp(-(k.u(/;/)f);rcxp[i((k.u(/;,X k.u(/;0)))] (37.70) 
Expanding u.(/:r) i„ terms of tbe normal coordinates of the harmonic 
potential and the phonon operators of that harmonic potential gives 



) 



(37.71) 



where « labels the Cartesian components. M, is the mass of the ion in the 
nu experiment. a>, is the frequency of the sth normal mode, B"'(/) is the 
associated unit eigenvector, and b} and arc the phonon creation and 
destr^c.on operators for the .,h normal mode. By use of the coordinate 
expansion, the exponential of the correlation function appearing in Eq 
(37.70) can be written as 

^(»-tl:.)»*tftO»^^. [irj J 



=n 

J 

=n 



. l(r.)5 J 



(37.72) 



where the following substitutions were made 

I 

".=-is: 



(37.73) 
(37.74) 
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■ 2M,~~^-1E— (37.75) 
and where the Bcssel function relationship {15) 

-^J'i')y' (37.76) 
was used, n, is the mean number of phonons in the 5th mode at 
temperature T. 

In the case of "coupling" between a first "active" "association 
ensemble" and at least one other "active" "association ensemble", the 
correlation function is independent of time-not a function of t"-' and 

Thus, the lime dependent factors arc dropped in Eq. {37 72) and 
combining Eqs. (37.70-37.72) and Eq, (37.75) gives the correlation 
function as 

For the "coupling" of "active" "association ensembles", the partition 
function of Eq. (37.56) is equal to one. By the Central Limit Theorem. j=l 

1 5 m Eq. (37.72) corresponds to each cascade of association "stages" giving 

rise to a specific frequency shift. The correlation function for each 
"association ensemble" is 

e(c.') = exp-(c,'P.(2c.') (377g) 

The probability r.^^M ^] that a first "active" "association 

2 0 ensemble" will "couple" with s "active" "association ensembles" can be 

derived from the correlation function, Eq. (37.78). The expansion of the 
Bessel function is 



/.{;r)= y AaJ_ = y L±J_ 

Where r{«i+J)»m! was used. The probability distribution function of 
2 5 -coupling" between "association ensembles" (coherent states) is 

Poissonian. From SUB-APPENDIX Il-Modulaiion and Sampling Gives the 
Input to the Association Mechanism and Basis of Reasoning, the output of 
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a cascade of N "stages" with a transmission decay constant . is the 
product of Eq. (37.33) and Eq. (37.50). From Eqs. (37.40). (37 42) 
(37-46). (37.50). (37_5,). and (37.54). the frequency shift of "assLtion 
• ensemble" one is and the frequency shift of "association ensemble" . 

5 is^ 
a. 

ensembles" is 

/.(/) = aVA/.-^XO (37 80) 

"Coupling" of filtered Fourier series is based on their spectral 
s.m.,anty. I" one embodiment, the "coupling cross section" amp^^^^^^ 

series sampled and modulated by the first "association ensemble" and the 
complex conjugate of the spectrum of the s th Four.er series sampled and 

e 'e: (ts-; ' «^ 

ser.cs ( SrCs ) sampled and modulated by an "association ensemble" is 
15 given by ,he_ product of Eq. (37.33) and Eq. (37.50). Thus. Eq. (37.75) is 

=|J »'.(*,.*.(/}K(*,.t.(/)K(/),//;{A4rd», (37.81) 



0 » 

r V 



An 



20 



Let *^=:<:,. ihcn p, = z, = vv Thus. Eq. (37.82) is ^ 



(37.82) 



(37.83) 
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Substituiion of = M and si„0 = .-> i„,o Eq. (37.83) gives 
The integral of EqJ37.84) is given by Hogg and Tanis (16} 



(37.84) 



4 ^ ^ 4 



2 i 



cos2;r 



Bexp- 



a' + a.H a, a. 2v^ 



(37.85) 



where a^=-«?£L,„d r = V^.^^ '^-.^O :„ 

in.egrals. Ii was given previously (Eq. (37.83)) that '';,.=^ = w,; thus. Eq. 
10 (37.85) simplifies to ^ o . h 

+ ft. 2 2 j 



(37.86) 



where a' and ^ ^^-.'-^ ^^.'o. \ . 

a,' + a; ' ■'(^""^if'^T^ T^j "» corresponding 

I 5 integrals. _ Consider the case that the amplitude of all "P element 

responses are equal, thus = o,^ /o. ^. w «. in Oq. (37.86). In Ibe 
case thai each "SFCs ' is represented by Eq. (37.33a). Eq. (37.86) is 
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«■ «. 2 2 I 



(37.87a) 

where «T» = 4i^ and / = - - + ^-.'oj . 

la, a. 2 2 — 1 '^<>'^'^"Pon''>ng 

integrals. 

Jn one embodimcne. the present "processor" is an analog Fourier 
processor wherein ,he data is digitized according ,o ,he parameter AT of 
Eqs. (37.33). (37.33a). and (37.87). Each "FC" of Eqs. (37.33) is a series of 
a Founcr component with quantized frequency and phase angle. Each 
FC" of Eqs. (37.33a) is a scries of a Fourier component with quantized 
amplitude, frequency, and phase angle. Each "SFCs" represented by En 
(37.33) and Eq. (37.33a) is filtered and delayed in ,hc time domain 
(modulated and sampled in the frequency domain) as it is recalled from 
memory and processed by an "association ensemble". "Association 
I 5 ensembles" produce interference or "coupling" of the "SFCs" of one set of 
M or P elements" with that of another by producing frequency matched 
and phase locked Fourier series .-sums of trigonometric waves that arc 
frequency matched and periodically in phase-that give rise to 
association" of the corresponding recalled or processed information. The 
Poissonian probability of such "coupling" (Eq, (37.106)) can be derived 
from the correlation function (Eq. (37.78) wherein Eq. (37.87) is a 
parameter. The magnitude of the "coupling cross section" of Eq (37 87a) 
and Eq. (37.86) is independent of any phase matching condition because 
«he phase angle is quantized. Thus, the argument of the cosine function 
of Eq. (37.87a) and Eq. (37.86) is zero or an integer multiple of .t 
Consequcnlially. i„ each case, the corresponding time convolution of Eq 
(37.84) IS a cyclic convolution, and the sum over n is eliminated 
Whereas, the frequency matching condition provided by the frequency 
shifts of the cascades of association "stages- comprises the zero argumcni 
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of the exponential func.ion of Eq. (37.87a). Thus, .he magnitude of the 
coupling cross section" follows from Cq. (37.87a) 



a, a. 2 ' 2 j 



{37.87b) 



In terms of the relationship p.^z^^vr,. Eq. (37.87b) is 



.f, ,. „ ^ (37.87c) 
in . ^oupl'ng between "active" "association ensembles" further 
1 0 depends on the frequency difference angle. between the two or more 
Founer ser.es "carried" by the corresponding "association ensembles" In 
lc.u>- space, the information is represented as Fourier scries which 
co^pnse sums of harmonic functions. Thus, the "coupling cross section ' 
« a complex number with a projection in k.u,-spoc. tha, is a function of 
I 5 the frequency shift 



«. 



of the first "association ensemble" and the 



frequency shift & of the . ,h "association ensemble". The frequency 

shift of each "association ensemble" corresponds to the respective 
modulation function given by the Fourier transform of the delayed 
Gaussran filter (Eq. (37.50)). The resultant "coupling cross section". 
{P.{t)h as a function of frequency difference angle. ^. is given by 

where the frequency difference angle. is 
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M^Tf^^ ~"~ ^^^•^'> 

Thus. ,he "coupling cross seciion" given by Eo f37 8r> ,• 

complex number ihat comnrise^ « v« . ^ ^ ' d.mcns.onlcss 

and frequency differcnc7a "le \ 

pe.ror::r:„ vfcr ^^--^-^ ^« 

\P.15>.^; such as phase shifting, normalizing to a given 

m «l>c case .ha. p. = ^ = ,^. .^e frequenc/ difference. ^ is 

^T^3E (37.90) 

The probability distribution of "coupling" between tv.,. " 
ensembles ' each "carrying" a Fourier scries such as a 4^" :^ T"'""" 
w..h mean number of "stage" "couplings" ' " 

" «i» " «! (37. 1)3) 

wjih mean number of "staee" "m^r^ii^^" 

'^^"P'-S ^-"^ <'')=^'- The probability 

'i «. ■ X) '^"'^'^ f^'«<»""g Eq. (37.93) from the 

BcsscI function of the correlation funclion (Eo (37 7Rn »„h -. 

which follows from Eq. (37.79). ^' ^ "P^n^'on 
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_ _ (37.94) 



P„ . ,= ^,„,. „ proportional to 



-'^ 'n! (37.95) 



5 Let ;t = /. then the change of variable in Eq. (37.93) is 



.93) 



Ho ml 

l.el 2. then the change of variable in Eq. (37.96) is 



(37.96) 



J he scnes expansion of cos{*) is 

'0 cos(x)=yt£r 

^ (2m)! (37.98) 

P^'oportional to 

where j.=V^ = 7^7. From Eqs. (37.81-37.90) 
1 5 - 

cN-rW=rsin'^. (37.100) 



proponionaj to 
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where is ihc frequency difference angle. Combining Eq (37 78) Fn 
(7!m) ''''''' -.W Propj^ion!!*.?- 

''{"^•~^J""'^-^'""''^'M2sin^J = exp[-A-[lz£^ 

where 4>. is .he frequency difference angle and A' is ihc "coupling 
section" amplitude. 

nme delay. d„„„g .„dcpendent aciivauon of a given "association 

ensemble- wi,h recall from memory is ec„ivalen, .o a phase shift of .he 
corrclaiion function given by Eq. (37.63) 

G(') = (cxp,<5exp[-,k u(/;,)]cxp|,Ti.u(/;0)j) ,03. 
Thus. Eq. (37.102) is phase shifted. 

^'(f'f-^'j-'-f^^jH-^*''^.) (37.104) 
where <p, is the frequency difference angle. /Jf is the "coupling cross 
section amplitude, and S, is the phase shift. 

1« an analog cmbodimeni. each of the s separate "association 
ensembles" that may "couple - with .he firs. "acUvc" "association 
ensemble" may be "inac.ive" before "coupling". The "coupling" causes the 
corrcspondmg "association ensemble" .0 become "active" liq (37 i04) 
represents .be probability that a fir.t "active" "association ensemble" lil, 
couple wnh . -active" "association ensembles" as a function of the 
frequency difference angle. the "coupling cross section" amplitude. 
and .he phase shift. S,. Eq. (37.104) also represents the probability that a 
first -active" -association ensemble" will -couple" with and "activate" , 
.nncve" "association ensembles" as a function of the frequency 
d fference angle. ^„ the "coupling cross section" amplitude. and the 
phase shift, 5.. l„ ,hc latter case, the Fourier scries such as a '"SFCs" 
-carried" by ,he "activated" 5 th "association ensemble" may be "linked" 
with the "association ensemble". The "linkage" is as described for 
transducer strings" in SUB- APPENDIX VI- Input Context 
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"Associaiiftn" 

Given that a firs, "associa.ion ensemble" is "active", ,J,e probability 
of the occurrence of either .he "aciive" slate or the "inactive" state of ,hc 
. .h "associaUon ensembJc" h one. In one embodiment, ia the absence of 
5 .nterference (i.e. "coupling") between the "associa.ion ensembles" ,he 
probability of the occmrcnce. of ,he "acive" state of the . th "association 
ensemble" is .he same as the probability of the occurrence of the 
"inactive" s.me-l/2. However, in .he even, that "coupling" between the 
first and s th "association ensemble" may occur, the s ,h "association 
i 0 ensemble" may be "activated". The probability of the occurrence of the 
ac.vc- s.a.e of the s ,h "association en..emble" with the possibility of 
couphng" wi.h ,he firs, "active" "associa.ion ensemble" is 1/2 plus the 
probability function. Eq. (37.104), normalized .o 1/2. Therefore given 
.hat the firs, "active " "associa.ion ensemble" may "couple" with '.be s .h 

1 5 association ensemble", the probability function for the occurrence of the 

active" state of tlic s th "associa.ion ensemble" is 

\ «. ' «. ■) ' 2 (37.105) 

where ^ is the frequency difference angle. is the "coupling cross 
section- amplitude, and 6, is the phase shifi. 

2 0 In an embodiment, the two Fourier series (e g. each a "SFCs") are 

•associated" if they are "acive" simultaneously. Thus, given that the first 
active "association ensemble" may "couple" wi.h (he , th "associa.ion 
ensemble". Eq. (37.105) is the probability function for the occurrence of 
the -association- of the Fourier series of the first "active" "association 

2 5 ensemble" with that which may be "carried" by the s th "association 

ensemble" as a funclion of .he frequency difference angle. 4> . the 
-coupling cross section" amplitude, /).'. and the phase shif., S,'. 

The probability of the occurrence of "associa.ion" between a first 
Fourier series and s other Fourier series pl^.d^ :IKA therein 

3 0 the firs, "active" "associa.ion ensemble" may "couple" with each of s 

•association ensembles" is .he product of .he probabili.ies 
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-herein the firs, "association ensemble" provides modulation /'^(^) 
g.ven by G,. (3J.50) the , th "association ensembles" provides 

Z^Tl Ceo f " 

nnglc. A ,s the coupl.ng cross section- amplitude, and 5, is the phase 

5 shift. The plot of the probability pf^lK^ ^ 1 , . 

[a, '~a^' ' I °^ occurrence 

of "association" of the firs, Fourier scries wi^h the 's ,h Fourier series 
accordmg to Eq. (37.106a) is given in BGURBS ,6 A-C and FIGUrS i7 A- 

In another embodiment. i„ the absence of "coupling" between the 
10 association ensembles", the probabilifv «f . 

is „ w:.K .» . prooaDUjty of the occurrence of "association- 

's p,. With the replacement of 1/2 of Eq.{37.l06a) with p 

probability of the occurrence of "association" of the corresponding Fourier 
ser.cs based on a firs, "acivc" "association ensemble" "coupling" w.th 7 
separate "association ensembles" is ^ 

where p,, is the probability of ,bc occurrence of "association" tn^hc "''''^ 
absence of "coupling". ^. is the frequency difference angle. /J' is ,he 
coupUng cross section" amplitude, and 5, is the phase shift. ' 
0 Eq.(37.106b) gives one as ,be maximum probability of the 

occurrence of "association". 1„ ocher embodiments. ,he probability 
maxtmum may be less than one. In .his case. Eq. (37.106b) is 

> uTni^'^nl P^^'^^^'^'^y °f «hc occurrence of "associa.ion». 

> Eq. (37.105) and Oq. (37.106) represent the "association" probabili.y 
parameter. 



/or Po^sl •'»««'^'*''*>"" of P-"- scries was herein derived 

for Potsson.an s,a,.s,.cs using delayed Gaussian filters; however the 

filters. In other embodiments, the "association" can be based on 
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5 FnX '"^ '"^orporated by reference 

5 F nhermore. o.her embodiments, the •associauon" can be base o 

n^/'' 0.:rn/"^' - pass 

1 0 more fI'" <=™''°<''™'^nt. ••coupling" „.ay pote„,ia,e ,he two or 

10 more Fo«„er senes. For example, each signalin .he time domain 

orrespond.g .o the Fourier series U.-space .ay repeat iHTe and 
therefore increase i„ duration. I„ .„ e.bodi.en' poten.ia ed lL "er 

:;::d:™" - "--^'-<^' -^-^ ' p^oba:;- ::r 

I 5 Z Tm nl rt "'""- •^•"bodimcr,.. the probabUi.y is given 

by (37. .06c) wherein the potentiation is via "coupling" 

between ■/r^ I'^?^"'' ""'""'^'''^y "association- 

en "les" t T"" ^ ""--tion 

rector Pn, embodiment comprises ,he 

^0 y sips iTTrr r " '"^^'^ -rr^ory'rollowed 

y sieps a-, of the Association Filter Layer to Form a "String- Section. 

Eq. (37.106) gives Uie probability P^^M^JK^^IK g ) of i|,e 
occurrence of "association" of the corresponding ,^'„rier Lies based on a 

Eq. (37.50) cou^mg" with , separate "association ensen^bles' each wi'h 
5 modi„a.ion /^^iJ gjven by Eq. (37.50) and independent phase shift. 5 
The process of firs, establishing "associations" between different Fourier" 
sencs representative of different pieces of i„fo™,atio„ is the ba is of 
prodncng information with novel conceptual content. The orm t on of 
soc.a.,ons" is also the basis of reasoning. The generation of 

•a o"at"" '^'T -'«'P'e 

«soc a..on en.semb^s- each comprised of cascaded association "s.ages". 

mTcl air ""^^ relationships by a 

mechanism involving .he half-width porame.ers. ... ,he time delay 
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paramciers. and potentially ihc independent phase shifts. 5,.of E<j. 

(37.106). The ordering of -associated" information is described in SUB- 
APPENDIX fV-Ordering of Associations: Matrix Method. 
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SUB-APPENDIX IV 
Ordering of Associations: Mnirix Method 

.Pr "V"'""'"'"'" """""'^ ^"^'^ ^' "groups of 

SFCs and/or at least two "SFCs" is heroin called a -string". The 4ring" -s 
a supcrpos,..o„ of Fourier series; thus, it comprises a Fourier series a 

.near su. of "FCs". FIGURH ,9 is a flow diagram of an exl^^T 
h^rarchtcal rclat.onship of .he signals in Fourier space comprising "FCs" 

SFCs . -groups of SFCs". and a "string" i„ accordance with L present ' 
.nvenuon. Each "FC" is the output of a -P elen«:„r or is stored into 
and/or recalled from a "M eiemenf as shown in FIGURE 18 The 
mforn.a..on of "string" n,ay be ordered to provide cause and effect 
chronology, and hierarchical relationships. The ordered "string" is ' 
rc.a>„cd in „.cmory td provide successive associative reference or 
fur her ordering of information. The information of the "string- is 
ordered or sequenced temporally, conceptually, or according to causality 
v.a the Matrix Method of Analysis of Mills [3. 4} ^ 
Consider Eqs. (37.33) and (37.33a) where each represents a "SFCs" 
in k.<.-~spacc comprising a Fourier scries. A "string- is a sum of Fourier 
ser.cs which follows from Eqs. (37.33) and (37.33a) as foJlows- 
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(37.107) 



(37.108) 
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The corresponding equations in the time domain arc a sum of multiple 
fmiie series of traveling dipolcs ("impulse responses") wherein each 
dtpole series is periodic in space and time. In frequency space, each time 
delayed Gaussian filter ("association ensemble" corresponding to a "SFCs") 
5 modulates and samples the Fourier series which encodes information. 
Thus, the lime delayed Gaussian filter selects informauon from the 
"suing" and provides input for the associalion mechanism as the 
"processor" implements the Matrix Method of Analysis to find the order 
of the associated pieces of information represented by each "SFCs" of the 
1 0 "string". 

Consider the time interval < = r, to r = f, of a "string" associated by 
"association ensembles- and recorded to memory. By processing the 
"string- with multiple "associalion ensembles" comprising Gaussian filters 
each of different delay, and half-width parameter, a,, the 'suing" 

1 5 can be "broken- into "groups of SFCs" each having a center of mass at a 

time point corresponding to tl.e delay ^ and frequency composition 
corresponding to a. which form a nested' set of "sequential subsets" of 
■•groups of SFCs" of the "siring" in i.o, -space. The set members map to 
time points which are randomly positioned along the time interval from 

2 0 the r = r,-side and the ; = f,-sidc as shown in FIGURES 8, 10, 12. and 14. 

This nested set of "sequential subsets" of random "groups of SFCs" 
raappmg to random time points from the f = r,-side and the r = /,-side is 
analogous to the nested set of "sequential subsets" of random DNA 
fragmenis from the 5* end and the 3* end. The order in both cases can be 
2 5 solved by the Genomic DNA Sequencing Method/Matrix Method of 
Analysis of Mills (3, 4) described in SUB-AfPENDlX V. 

The output of an association filter is the convolution of the input 
"groups of SFCs- (each "SFCs" given by Eqs. (37.33) and (37.33a)) of a 
"string" (Eq. 37.108) or the "suing" itself with a delayed Gaussian. In 
terms of the matrix method of analysis (hereafter "MMA"), the filter 
parameter a of the time delayed Gaussian filter corresponds to the 
acquisition of the composition of a polynucleotide member of a nested set 
of subsets. The time delay (lime domain) and modulation (frequency 
domain) parameter ^ determines the center of mass of the output, and 
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it corresponds to ihc terminal nucleotide data Hv r - 

Assoc.a..o„ Mechanic, and Basis of Reasoning, .he -proceZ- 
dctcrm.„cs the rc.a.ive position of the center of „,ass of eacT Fourier 
5 scnes such as a "group of SFCs" as either "before" or "a te ■ 1 Z of 
jnass of the preceding and succeeding Fourier series "associated" ^ 
r rr T' ""'^'^ ^-<-y"- The complete set" 

.0 ...eoreiJZi:?;^:^^^^^^ . 

Input to form associations is provided by changing the decay 

1 5 constant a and the number of "stages" in the cascade W „ . ^^"''^ . 

each "eroun nf ^uCc" t « • . cascade N. or by processing 

each group of ShCs of a 'stHng" using an "association ensemble" with 
different parameters a and N over all "groups of SFCs" .h./ v . 
entire "string". Fach "grouD of ^Pr." ' J '"^'^'^ "P 

„r . ^ ^"^^ determined to be on the r~/-^iri^ 

or the » = / -side of the "axis" r>f tUr. • - r-Zi-side 

2 0 nr r , r u . '"""g corresponding to the 5--side 

change ,n the half-w.d.h parameter. and the number of elements. N.. 
2 5 with a concotnitan, change In the delay. where each a, and is 

"known" from past experiences and associalns. The feedback loop 
Whereby information from memory encoded in the -strin." is fiheL h 

^^0^"'";;;^^^" space)^rpUe"-;c".^"' 

JO Lev? M °' ^"--'"^ with input from "High 

Le Memory- provides the data acquisition and processing e<,«i a ent 
o the formation, acquisition, and analysis of the composition and 

Method o Analysis. Changing the filters which process the "string" 
co„esponds to changing .he "guess" of .he ".nown" nucleotides ' 
K,J(,K,K, .. ,C,., ns well as the "unknown" nucleotides. X, X X X of .h. 
Ma.. Method of Analysis as applied to ONA se.ie'nci; ^ 
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tl>e "groups of SFCs" of ,he "siring" is cslablished when "associations" with 
the "High Level Memory" are achieved for a given set of delayed Gaussian 
fillers (,.e. the order of Fourier series representing informalion is solved 
when jnternal consistence is achieved according to the MMA) Then each 
Fourier scries of the ordered "siring" is recorded to the "High Level 
Memory" wherein each Fourier series of ihe ordered "siring" may be 
multiplied by ihc Fourier transform of the delayed Gaussian filter 

correct order to form the ordered "siring". 

Also, multiple other cascades of associaUon "stages" {"association 
ensembles") may act as dciay-iine memory actuators that produce a time 
oeiay, S(,-i,). during independent "aciivaiion" of a given "association 
ensemble- with recall from memory. In A.^a-space, the time delay is 
equivalent to a modulation of the correlation function given by Eq 
(37.63) corresponding to the independent phase shifts, S,. of the 
correlation function (Eq. (37.106)) of the separate "associated" "groups of 
SFCs". During "string" ordering by ihe Matrix Method of Analysis the 
independent phase shifts. S,. may modify the order of the Fourier series 
of the "string" representing information. In addition, the independent 
phase shifts, S„ may initially modify the content of the "string" by 
altering the correlation function (Eq. (37.106)) to cause information to be 
associated" which otherwise would not likely be or inhibit the 
"association" of information which otherwise would be. These 
mechanisms further provide for information with novel conceptual 
25 content. 
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SUB-APPENDIX V 

GENOMIC DNA SEQUENCING METHOD/MATRIX METHOD OF ANALYSIS 

^ Abstract 

As an overview, chc Mills method of sequencing DNA comprises the steps of: 

a) preparing from segments of a DNA strand to be sequenced, fanulics of 
polynucleotides, each family including all polynucleotides, complcmcniary to at least a portion of 
the DNA segment and at least a portion of the J flanking DNA segment of the DNA strand to be 

1 0 sequenced, of ihc formula: 

ranging in length from K,X, to K, - X, wherein K,K,K,K, -./T,. represents the nucleotides 5' 
to an interna] reference point, ihc reference point defined as the dividing line between and X, ; 
whcrcni X^X^X^X^ -.X^ represents the nucleotides 3' to the intcnial reference point; wherein n 
15 and «• arc integers and « + , the number of nucleotides in a polynucleotide, is less than or 

equal to the number of nucleotides in a pob-nucicotide of length within tlic analyzable limit of the 
method for dctcnnining base composition and identity of the 3* terminal nucleotide of a 
polynuclcoiidc; and wherein each polynucleotide in the family conforms to the criterion thai if the 
polynucleotide contains X. it also contains -J^,; and the criteria that if the 

2 0 polynucleotide contains it also contains AT,.^,, K^._^ 

b) determining the base composition (the number of A's, 'I"s. Cs, and G^s) and the 
identity of the 3' tenninal base of caclj polynoclcoude of each family; 

c) detemiining the base sequence of the longest polynucleotide in each family from 
the dctciroincd base composition and identity of ihe 3Merminal base of each polynucleotide in the 

2 5 family and derived change in base composition and terminal base between polynucleotides in 

each family; and 

d) dcterouning ihe base sequence of the entire DNA strand to be sequenced based 
upon the overlapping sequences of the longest polynucleotides m each family, 

3 0 The base sequence of the longest polynucleotide of each family is determined by the Matrix 

Method of Analysis of Ihe base composition of each polynucleotide in the family and the identity 
of llic 3' terminal base of each polynucleotide. 

The base sequence of Ihc longest polynucleotide in each set is determined by: 
^ ^ «P a consisting of ^ + 1 columns and ~ W rows where M is the 

number of nucleotides in the longest polynucleotide of the set; 



wo 99/34322 



PCTAJS98/276a4 



86 

b) assigning U,c longes. polynucleotide a coordinate position in the matrix of column 
J , row I ; 

c) assigning polynucleotides which are successively one nudeotidc shorter on the y 
end to each column position and poiynucleotktes which are successively one nucleotide slK«er 

5 on the 3' end to each row position; 

«1) dclermimng all paths through the matrix from posiuon 1.1 to position -M + 1 
I 2 
- M which ate consisteoi with the base composition and the 3" icniiinal base of ihe 

polynucleotide assigned to each position in the matrix and with Ihe change in base c^^^^ 
and S'tcnranal base between polymicleoiides; and 

JO e) frompositionlA/fl. de.cravining the path back to ,x>5i. ion I.I which 

permits tteassignn^m of specific bases at each step either theS'or 3- endofapolynuclcoti^^ 
conststenl with the compositional and tennir^l base data, to anive a. the sequence of the longest 
poiynucleot.dc wherein the iir,Ar,/r,/f, ... if, is guessed andstepsd) ande) are performed 
rcitcraUvcly until a sequence can be assigned without contradiction. 
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Mills 13. 4] has developed a method of dclermitiing the nucleotide 
sequence of a DNA molecule of arbitrary length as a single procedure by 
sequencing portions of the molecule in a fashion such .bat the sequence 
of the 5- end of the succeeding contiguous portion is sequenced as the 3' 
end of lis preceding portion is sequenced, for all portions, where the 
order of conuguous portions is determined by the sequence of the DNA 
molecule. Sequencing of the individual portions is accomplished by 
generating a family of polynucleoUdcs under conditions which determine 
that the Clements arc partial copies of the portion and arc of random 
nucleotide length on the 3* and 5' ends about a dinucleotide which is an 
mtemal reference point; determining the base composition and terminal 
base Identity of each element of the family and solving for the sequence 
by a method of analysis wherein the base composition and terminal base 
data of each element is used to solve for a single base of the sequence by 
assigning the base to either the 5' or 3' end of the partial sequence about 
the internal reference point as the entire sequence of the portion is built 
up from a dinucleotide. 

The molecules generated from the DNA to be sequenced comprise 
families of polynucleotides. Each family corresponds to a segment of the 
DNA to be sequenced and is made op of a longest polynucleotide (the 
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icngth of which is selected to be wiihin the analyzablc limit of the 
procedure used to determine base composition and identity of the 
terminal base) and shorter polynucleotides which form a "sequential 
subset- of the longest polynucleotides. Grouped hierarchically from the 
longest to the shortest polynucleotide of the family is progressively one 
nucleotide shorter than the preceding polynucleotide and has the same 
sequence except that it lacks the one nucleotide. A further restraint on 
the elements of the family is that there is a specific dinucleotide of the 
sequence contained in each element. The molecules can be envisioned as 
bc.„g bu.lt around an "axis" which is at the mid position of the common 
<3muc!cot.dc. The "axis" constitutes an internal reference point The 
polynucleotides vary around the "axis." each containing one less 
nucleotide on the 3" or 5' end than its longer predecessor in the group 
All such molecules are included in the family, from the longest to the 
I 5 shortest, a dinucleotide. 

The sequence of the DNA portion from which each family of 
polynucleotides has been made can be solved by determining the base 
composition (the number of A's. Ts, C's. and Gs) and the identity of the 3' 
.erm,nal base of each polynucleotide of the family. The composition and 
^0 tcrmmal nucleotide data of the elements of each family of 

polynucleotides are used to solve the sequence of the corresponding DNA 
portion template by a method of first generaUng all polynucleotides 
which can be obtained from a guessed solution, of the sequence by 
^ successive removal of a 3' or 5- nucleotide consistent with the data of the 
.5 change in composition between set elements and with the further 

constrain that a specific dinucleotide of the sequence must be present in 
all polynucleotides. The terminal nucleotide data is used to determine if 
a subset of the hypothetical family of polynucleotides exists such that (he 
elements have a one to one correspondence with the data of terminal 
nucleotide as well as composition. If „o such subset exists, the process is 
repeated for improved guesses until convergence to the correct solution 
for the sequence occtirs. 

A method which performs this analysis by testing for the validity 
of a guess for part of the sequence while solving for the remaining part 
using the composition and terminal base data independently to execute 
binary hypothesis tesUng decisions compatible with computer logic is the 
matrix method of analysis algorithm. 
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cqoaf.ons .„ „ unknowns where ihe knowns are: 1) structural 
propert-es of the polynucleotides. 2) the base co^posit o„ an" e 

L I "^T.*"'"^^" ^ polynucleotide and the next in the fa„,i,y 
-ethod exploits the given information by Implementing a reiterative 
P^cedurc to find a path through a matrix of the possible poTnu eo-ides 
having sequences consistent with the data. Pina, Lig„„,,„' of th^ 
sequence ,s made when the enUre path finding procedure c n L 

-^^-ment and 



1 5 r.f... '° ' °f *hich contain a 

1 5 reference po.n. which is i„,ea,al. ,„i,ially. location of the reference .oin. 

15 unknown, but it cxi«:t>: Jn ^ii .k > , r<.«crence point 

familv of 1 , ? rnoleculcs. The molecules are a 

fami y of polynucleotides comprising complementary copies of a portion 
o e parent molecule from which .hey are generated and superimpose 
on the parent by ahgnmcnt of .his internal point of reference. The 

2 0 location of the poin, of reference or "axis." and the sequence of/he parent 

The family of polynucleotides can be thought of as being aJI 

2 5 andT /'r"t nucleotides from the S" 

P tte n"f . polynucleotide of the group. An ordered 

P uern of term.nal nucleotide change and nucleotide compositional 
change occurs between members of sequential subsets. This algorithm 

217 ^^'^'-^•'^ "-'-'^^ composition:, 

3 0 ""-J'^'ide change .hat a designated longest 

' '^^^^^"^^ given nucleotide 

loss constraints can produce. 

Criteria of P»^ vnucle<; .ii^/><f 

The nucleotide sequence of a DNA stnmd can be solved by 
generating a family of polynucleotides overlapping portions of the DNA to 
be sequenced. Each family of polynucleotides for^s a "sequential subse" 
Of die longest polynucleotide of the group. The molecules are identica 
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less one nucleotide from either the S' nr v ,^^a f • 

the former o« f r , °^ ^ 8'^"^" molecule, and 

(he former are defined as sequential subsets of ,hc latter. 

The molecules can be depicted as follows- 

Where .he senes ^..A:,.;f,.Ar, ./r, ^present the nucleotides of the 
polynucleotide 5' to the internal reference point, or axis, and the .eries 
X^ represents the nucleotides of the polynucleotide on T 

3 Side of the axis. The 5* end with rcsnerr ir. th. • • , • 

,1, M, „ respect to the axis is desienated a<i 

that this sequence ,s .nitially known), and the 3' end of the 
polynucleotide is designated as the "unknown" portion . TT.us 
i<,.K„K,,K,. . represent the "known" sequence ;i,^d X X X X 
represent the "unknown- sequence. The distinction is that" in the 
matrix, as described below K K K K . 

. ^, ^Tj./f,... appear as nucleotides, where 

as the X s represent variables. The nucleotides of the "known" portion 
can be known extnnsically or they can be guessed. 

n..r^ P°'y"»^J«^o'*^« are governed by the following constraints No 
po ynucleotule contains X, without containing X, In general trms no 
polynucleotide contains X. without containing ; . T L 
addttmn. no polynucleotide contains K, without "containing' K,. That is 
po^nucleotide contains an unknown with out containing al, preceding 
unknowns and. every polynucleotide contains all succeeding knowns tf 

f " ' ^" polynucleotides satisfy 

these cntcna and vary randomly at the 3' and 5' ends 

The criteria can be represented symbolically as follows: 
^.-•^1 {X, implies AT,) 
'^.-^i (AT., implies K,) 

■■■K,-X,... (the polynucleotides are random at the 5' and 3'- ends- 
the knowns and unknowns are variables where AT = Known X = 
unknown. n'=l/a4-and n = lfo4...) 
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Principles nf >J\ ^t\x Methi y i\ pf Analy sk 

The matrix method of analysis entails setting up a rectangular 
matrix where the designated longest potynuclcotide appears at position 
(l.i). The sequence of one half of this molecule is "known". The 
nucleotide sequence at the other one half of the molecule is designated 
"unknown- and is represented by variables. The term "known" does not 
necessarily imply that the nucleotide sequence of the parent molecule is 
known mitially. The division between the "knowns" and "unknowns" is 
the internal reference point. The location of the internal reference point 
IS not necessarily known iniually and can be changed by changing the 
knowns so that this sequence superimposes a different region of the 
parent molecule. That is. when the sequence is solved, it will 
superimpose a region of the parent and the location of the internal 
reference point will be fixed. The location on the parent is at the line 
i 5 dividing the "knowns" and the "unknowns". If ,he 5' end of the sequence 
(and consequently the entire sequence) superimposes on a different 
region of the parent, the location of the internal reference point would be 
different. Thus, the location of the internal reference point relative to the 
parent molecule is determined by the "knowns". 

An exemplary matrix is .shown below for polynucleotides which 
conform to the criteria set forth. For a designated longest polynucleotide 
which contains a total of eight (8) nucleotides the matrix consists of 5 
rows and 4 columns. 
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K K, K, X, X, X, X, 

K,K,K,K,X,XM K,K,W,X,X, K,K,W,X, K,K,K,K,X, 

K,K,K,X,X,XyX, K,K,K,X,X,X, K,K,K,X,X, K,K,K,X, 

IC,K,X,XM K,K,X,X,X, K,K,X,X, K,K,X, 

fC,X,X,X,X, K,X,X,X, KM K,X, 

X,W, X,X,X, X,X, X, 

The matrix columns contain polynucleotides which have lost 
3 0 nucleotides at the 5' end; the rows are formed of polynucleotides which 
have lost nucleotides from the 3' end. Nucleotides are lost from the 5' 
end down any column and lost from the 3' end across any row. The 
matrix is constructed such that all ihe constraints governing the 
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polynucleotides arc satisfied, and all possible polynucJeo.ides are 
recorded in the matrix according to ihe describe format 

J""" determination of the sequence of the polynucleotides proceeds 
as fol ows: starting at position (IJ) i„ ,hc matrix, the base which has 
been lost is determined by the difference i„ base composition between 
the longest polynucleotide and (he next longest of the set. The change is 
consistent with a move to position (1.2) and/or (2.1) of (he matrix The 
step .s repeated for each polynucleotide of the family. These moves are 
down a column and/or across the row from left to right. Moves down a 
column or across a row from left to right are designated from/to moves 
•n.e result can be recorded, e.g. i„ a "lattice" which contains all coordinate 
posH.ons arranged in levels such ,ha, each successive level from (op ,o 
bottom corresponds to all possible from/to moves, and each successive 
level from bottom to top corresponds to all possible to/from moves A 
to/from move is a movement up a column and/or across a row from right 



General Laiiktc 
II 

./ \, 

/ \ / \ 

U 72 31 

,y \ / \ / \ 

KjKjKj )4 43 52 

/ \ / \ / 
KjK, ^ 53 

/ \ / 
K| 54 

Po]yinK:tcot»dc Coofdinatc positioo 

KjK, 35 
. 45 



For each step, ihc base which could have been lost from Ihc 3' or 5' 
end ,s deiermincd, and the appropriate move to a position in ,be matrix 
IS made. This establishes the appropriate path in the matrix which can 
be designated by connecting the corresponding coordinates in the lattice 
This procedure is repeated until all consistent from/to moves are 
recorded in the lauice. At least one path is formed from coordinate 
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posiJion (1.1) to a point of convergence, i. e.. a coordinate position from 
wh.ch no further from/lo moves can be made. 

The next step is to determine which path is the correct path This is 
accomplished by starting a, a point of convergence and determining 
5 which to/from steps for all single or binary decisions are consistent with 
the tertntnal base data as moves arc made back to position (l.I) from Ihe 
pom. of convergence. Assignment of a base to the 3' or 5' end is made by 
a to/from move which does not contradict U.e change in base For all 
to/from moves, if the path that is chosen from one coordinate to another 
10 corresponds to a move across a row from right to left, then the base is 

assigned lo the 3' end which is consistent with the move. That is the base 
change determined from the data occurred from the 3' end A 
contradiction arises if this assignment is inconsistent with terminal base 
data for the polynucleotide represented at the coordinate position or if 
1 5 the change m terminal base for this step is inconsistent with the data 
For all to/from moves, if the path that is chosen from one coordinate to 
another corresponds to a move up a column .hen the base change for that 
step indicates which base to assign to the 5' end. A contradiction would 
ar.se .f the next "known" up the column in the matrix is different from 
that mdicatcd by the base change. 

The sequence is solved when at least one path is found from (I 1) 
to a point of convergence by from/to moves and to the (1,1) position* 
from the point of convergence by to/from moves at each data step 
without contradictions. The matrix method of analysis yields a unique 

2 5 solution for a matrix of all possible polynucleotides of size {iw + 1. i-w) 

that conform lo the constraints for polynucleotides, for any set of data of 
M-\ polynucleotides that are successively one nucleotide less and are 
sequential subsets from M -\ nucleotides to a dinucleotidc. (The longest 
polynucleotide is M nucleotides in length.) 
30 The key to the matrix method of analyze is that there is 

convergence to at least one of the terminal possibilities (point in ite 
matrix at which no further from/to moves can be made) It may 
converge to more than one (e.g.. if the sequence contained only A. or T. or 
C. or G bases, then it would converge to all possible termini of the matrix 

3 5 that yields Ihe solution of the sequence). Once any terminus is 

detcrmmcd to be conecl. it can serve as an initiation point, that is. a 
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10 



1 5 



po.m. or coord.na,c poKi.ion from which .he initial ,o/fro,n ^ove is r-a^e 
A e™.nus representing a single noCecidc or s.ng.e variable i„ he 

decphered by making decisions ac branch points and by taking ,he 
return path .ha. is de.cnni„ed ,o be correct by the data. i. e. the tenninal 
base and .he change in .he .erniinal base a. each step. If ^ore^ h „ o " 
path .s correct, anyone of the correct paths wi„ yield the seqTence 

ExaiB pIc; of ,So|Y inf ^. g sen^ y M^ r ix M n ho 6_oUmiy:m 

To further illus.ra.c .he matrix method of dc.erminino scouence 
examples of its application are g.vc„ be.ow. ,„ each exa.p e aTrL'for 
polynucleofde family of eight nucleotides in leng.h is shown. The 

dnnr" '""'"^ ^^"-"^'^ with 

he change m composu.on data. The column labeled "path" represents 
he possible to/from moves in .he mauix which are consistent wrt e 
.ermma, base data and ,hc change in terminal base. The path Twch 
de.erm.nes the solution to the sequence is read from bo.tonT oToT 





•■•'»» i 

» ♦ 6 7 3 J 7 
A77COCTA 
X|XjX)X4 






ATTCX|XjXiX4 
TTC:X>X>X3Xi 
TCXiXjX)X4 
J CX|X,XiX4 


2 

ATTCX,X,X, 
TTCX,X,X> 
TCX,X,Xi 
CX,XjX, 
X»X2X3 


3 

ATTCX iXj 
TTCXiXi 
TCXiX, 
CX,X2 
XiX, 


4 

ATTCX, 
TTCX, 
TCX, 
CX, 
Xt 


II 


Composition 
l>»U A 

« . 


Tcininaf 


Scf|UtT>CC 



AITC 24 ^jj 
C 54 



20 



3T.2CJG.IA 
3T>CIC 
?T,?CIC 
IT^CIO 
IT.ICIG 
ICIC 

. IG 



A 

A 
T 

T 
C 
T 
C 



A 
A 

T 
C 
C 
O 
G 
G 



1.1 

2.) 
2.2 
2J 
3J 

<.* 



ATTCCCTA 

rrcGCTA 

rrcccT 

rrcGc 

TCCC 
TCG 
CO 
G 
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EXAMPLE 2 



12 3 7 6 4 3 
ACTCATTC 



ACTCXiX,X>X4 
GTCX|X}X)X4 
TCX|X,X,X4 
CX,XjX,X4 
X|XjXjX4 



AOTCX 1X3X3 
GTCXiXjX) 
TCX|XjXj 
CX1X2X, 
X,X|X, 



AOTCXiX, 
OTCXiX, 
TOCiXi 
CX,Xi 
X,X^ 



AGTCXi 
GTCXi 
TCX| 
CX| 
X| 



L»nicc 



II 

/ \ 

12 21 

/ / \ 
li U 

/ / \ / 
U 3) 

/ / / \ 

AGTC 74 J3 

/ / \ / 

CTC >* « 
/ \ / 
TC 44 

/ \ 

c u 



Coii^XMalion 
Diis 


A 


Tcnotnil 
Kttcleoiide 


Paih 


Scq«COC« 




A 


C 


M I.I 


AGTCATTG 


AGTCATTG 




G 


G 


M 2J 


GTCATTG 


GTCATTG 


}l 3T.IG.ICIA 




C 


3.t >.t 


TCATTO 


TCATTG 




T 


T 


3,2 X2 


TCAT7 


TCATT 


« 2T.KXIA 


T 


T 


3.3 4.2 


TCAT 


CATT 


IT.ICIA 


T 


T 


4.3 4.3 


CAT 


CAT 


IC.IA 


C 


A 


4.4 4,4 


Ca 


CA 


lA 




A 


S.4 $,4 


A 


A 
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SUB-APPBNDIX VI 
Input Context 



20 



25 



30 



35 



frequencies. The Fourier lis Jr" ^'>-^Ponding 

on physical characti'.ics or '''^ ''^ 

and physical coZ ^"""^'""^ P"^"'-' charaCerisucs 

signal rcpresenXe of I H ? ^» '"P"' 

co.e. is^sedT^llr^^^^^^^^ - P'-- 

i ) '*n;jn" cr./^K ''"uncr series m A.6>-spacc whereby 

B.. (37.33, 4 TnZjr"''' ' 

each of ihe factors N and w r.f .r,„ c - 

f^oT'c scries component is 

c«b of ,he fao,«„ ^_ „, 

pro|>o,.,«oal lo Ite ampli,„<|e of Ihc si.,,.! „. , P ""l 1! 

or .„c i..„si.. Of s„„„d. 
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each of ilu: factors p., and of each Fourier componen, is 
inversely proporliona) to the rale of chanpc nf ih^ . 

.s proportion, .o Z l^^, ^Zs^L''^' 

each of ,he factors N ^ and of the Fourier series component is 
proportional to the duration of the signa, response of each transducer; 

each of the factors and of each Fourier component is 
.nvcrscly proportional to the amplitude of the signal response of each 
ransducer which is propor.iona. to the physical !ig„a. such s the 
surface roughness, or the .n.ensi.y of sound, .ight. or temperature 

i. ) The ,„pu. from the Inpu, Layer ,o other layers shown i„ FIGURE 
21 can be an analog wavcfonn in .he analog case and a n,atrix „ th^ 

T ' - J de , i„e 

ns delays wh.ch correspond to modulation of the Fourier series in 

-space at corresponding frequencies whereby the data corr^..^ a- 

.o c.eh transducer maps to a d.s.mc. memory .oLtioI 1 ed T^r .^ 

ha. encodes the input context by recording the data to correspond ' 

^peafic ,.me .n.erva.s of a time division structured memory T 

z:::r^r : ^^-^ "'^^ - '-^-^ '-^^^ ^ ' 

co.Hex, ,o I„p„, ,..yer section of a memory. The representation of 
.nforma..on as a Fourier series in Fourier space a„ows for the mapping 
....) input context of a complex transducer system can be encoded 

sc. oT I; "'"'"^ corresponding hierarchical 

e pec. r diff ''^P--'-'- of each transducer system with 

elat oL ' ♦'^"''^-"^ •^•^'"enrs rank 

elat.onsh.p relative ,o other transducer elements, and the response of . 

~\rT'"' ' of digital" g' 

las er 'Z] ^ " '"^^^'^ -^components is ass.gntd 

a master .me u.tcrval w.th „ + , sub time intervals in a hierarchical 
-a„„cr wherem the data stream from the final „ th level transducer 
Clemen, ,s recorded as a function of time in the „.| ,h time eld 
n^emory buffer. During processing the time intervals r ;ese: L 
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delays wh.ch are uansformccJ into modula.ion frequencies which encode 
.np.. con.ex.. FIGURE 3 is a How diagra.n of a„ exemplary transducer 
da,a suuc.urc of a umc delay interval subdivision hierarchy wherein the 
data from a transducer .having „ levels of subcomponents numbering 
integer n, per level is assigned a master time interval with „-f I sub time 
.n.ervals in a hierarchical manner wherein the data stream from the fmal 
n th level transducer element is recorded as a ft.nc.ion of time in the „ + , 
ih time coded sub memory buffer in accordance with the present 
invention. 



The "processor" may be taught the relationship between the "data- 
such as .nicnsity and rate of change recorded by a transducer and the 
parameters such as p,. and A-^ of each component of theTourier series 
by .nputting standard physical signals to each transducer together with 
other information that is "associated" with the standards. A data base 
may be established. The information that is "associated" with the 
standard may be recalled and can comprise input into the Association 
Layer and the "String' Ordering Layer shown in FIGURE 20 and FIGURE 
21 during "processing" according to the present invention. 

The process of storing output from multiple transducers to memory 
further comprises creation of "transducer strings". In one embodiment 
associations occur at the transducer level, and "SFCs" arc mapped to 
distinct memory "registers" from the corresponding distinct transducers 
responding simultaneously, for example. In one embodiment, two or 
more Founcr series such as two or more "SFCs" of the "string" are "linked" 
whcreby activation of any Fourier series such as a "SFCs" of the "string- 
may thereby activate other or all Fourier series of the "string" stored in 
•he corresponding "regislers-. The activation may be based on 
probability. The activation probability may depend on the "strength of 
•he linkage- which is defined in terms of a linkage probability parameter 
which increases with the linkage rate, the rate at which the activation of 
a Founer series of a "string" thereby causes the activation of another 
Founcr series of the -string". Frobability operators may activate other or 
all Founer series of the "string" when any Fourier series of the "string" is 
active- based on the linkage probability parameter. 

In a digital embodiment comprising "memory linkages" of the 
transducer string", recalling any part of a "transducer siring" from a 
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e»ch ...nng houncr scnes such as a "SFCs". A probabili.y operand is 
5 generated hav.ng a value selected from a set of aero and on. h , 
the .inkage probabUi.y parameter. ,f the value s one ,h ^" 
ro.. series is recalled. Th„s, .he„ ^ :^::;~if 

ec d f,o.„ .„e.ory. any oU.er "string- Fourier scries is randoJ^ 
recalled wherem the recalling is based on the linkage probability 



MO = /W^rf/ ^(0= 



Delay u, ,) ^"'^^^^ 

' ' Where tcr'sFCs-' ""'"" "^'^ °' ""'''"'^ "^^-P^ «f ^^"^Cs" 

Where each SFCs represents information of the transducer system with 

-pec. to different trnnsdoecr systems, a transducer ele„,en 's a k 

rc a..onshtp relative to other transducer elements, and the e'ponTe of . 

tlrVr " " " - changes in Th^ 

.ntenstty of a parameter over time and spatial position). These aspects of 

:ts;r:r^: r"" t •'^'^^^ ~- - .o:,xr' 

.ransduce. corresponding to each aspect of the 

Fo,. 7^' "^''•"e" ^.^-'^Pace is analogous to a multidimensional 
Four,er ser.es. The „,odula,io„ within each frequency band may further 

ZtroT ^ ^" ^"^ ^' encZ 

bcforc-after order, top-bottom order, left-right order, etc. which is 
30 relative to the transducer. 

Eq. (37.33a). the "read" total response i„ Fourier space 

comprising the superposition of M T<:s" wher'ein each "FC" corresponds to 
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the response of a '^M or P ckinenr wiih input coritcxt encoded by the 
modulation factor <r (''a- *^^-) becomes 
(*'•«.)= 



10 



. . , (37.110) 

Where A, =v,_/,^ JS Ihe modulation factor which corresponds to tlie 

physical lime delay and P;»„=v.^„ 'he modulation factor which 
corresponds to the specific lraiisduccr"timc delay t. . v and v are 
constants such as the signal propagation velocities.. 

•'Associations" are established between Fourier series such as "SFCs" 
and "groups of SFCs^' (i.e. a "string** is created) by "coupling" with 
Poissonian probability between "association ensembles" "carrying" ihc 
"SFCs" and ^groups of SFCs". Input context is encoded by the transducer 
frequency band modulation factor <r"^'^''^*^'-) according to Eq. (37 J 10) 
I 5 In this case. E g. (37>8 7b) is 

\ I » •■I 



cxp- 



And, Eq. (37.87c) is 



(37.11 la) 



cxp- 









\7 




a, a. 


[ v.. \) [ 2-.. V V. 





20 



(37.) lib) 
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The corresponding frequency difference angle, which follows from Eo 
(37.89) is 



2v. 



- - -t J- ' 



(37 ] J2d) 

5 The corresponding frequency difference angle, which follows from 
(37.90) is 



(37.1 12b) 



Eq. (37.108). .he ■read" lolal response V^. i„ Fourier space comprising 

the superposition of S "SFCs" wherein each "SFCs" corresponds .o the 
10 response of M, "hi or P elements", with input context encoded by ,he 
modulation factor /^-('-.--l^ j,^^^^^^ following "suing". 



(37.113) 



where A,. =v, .y,^ is the modulation factor which corresponds to the 
physical time delay and Pj,,^ = ^ is the modulation factor which 
5 corresponds to the specific transducer time delay /^^^. v,^_ and arc 
constants such as the signal propagation velocities. 'In another 
embodiment, the output is the Gaussian sampled and modulated 

"string" of Eq. (37,113) wherein each "SFCs" is multiplied by the Fouri-r 
transform of the delayed Gaussian filter (Eq. (37.50)) (i.e. ihc modulation 

0 factor e-^('--)/'S''-'VH-c]>&-.'), , 
and "association" to form L "string", I ^^n' 
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20 



25 



kl 



^ 



(37.1 M) 

wherein input context is encoded by the modulalion factor e"'*'^''" 
Eq. (37.114) is also an exemplary "siring" with each Fourier scries 
muliiplied by the Fourier transform of ihe delayed Gaussian filter 

represented by .^"^^) ' ,h,, .o,Kr . . . 

" c e that established the 

correct order to fornj the ordered •siring" given in SUB-APPENDIX IV- 
Ordcring of Associations: Matrix Method. The index over j is 
independent of m since each "PC" of a given "SFCs" is Hltered by the same 
Gaussian filter. In embodiments, the index for the Gaussian filter is not 
independent of In one case, some "FCs" may be filtered by the same 
Gaussian filters; whereas, other "FCs" may be filtered by different 
Gaussian filters. In another case, each "PC" may be filtered by a different 
Gaussian filter. 

For the case where v.^'o^^p,^ and = the "siring" in Fourier 
space is one dimensional in terms of and is given by 




The "string" comprises a Fourier series, a linear sum of "FCs" each 
multiplied by its corresponding Gaussian filler modulation factor and 
modulation factor which encodes input context (Eqs. (37.H4-37.1 15)). 
FIGURE 19 is a flow diagram of an exemplary hierarchical relationship of 
the signals in Fourier space comprising "FCs". "SFCs". "groups of SFCs". and 
a "string- in accordance with the present invention. Each "FC" is encoded 
by a "P clement" or stored into and/or recalled from a "M cicmcnl" as 
shown in FIGURE 18. 
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SUB-APPKNDIX VH 
CompoHson of Processing Activity to Statistical 
Thcnnodynamics/Predoniinant Configuraiion 

5 The quanrity of information thai can be "a.^orHr^H'* • , 

•'strines" call/^H "p o, - ... associated into ordered 

smngs caned P strings" is essentially infinite based nn th^ • 

^^j/.jja;. In the case that the D^r^m^^r m 

. >p», , ,o ,000. ~ . 

I U of distinct inputs is 

Vi'=1000!lOOO!IOO? 

Using Sterling's approximation (37,iI6) 
ln/V! .^Ar!n/V~ A/ 

is approximately (37.117) 

1» .sscncc »„ i„„,i,. .„„„., j„,„,^^,,^^ ^ 07.1I8) 



20 



25 



According lo s,atis,ical .hcrmodynamics (20J. a macroscopic 
.l.ern,ody„a„,.c sys.c.n is viewed as a,, assembly of myri d 

"urTf -^"''^ ,„ s.a,c7 consider ,he 

number of distinct ways each calli^rf ^ - . , v.unsiuer mc 

^.dcn caucd a microstace that a ci^t ni».^i.»* 
.ua„.a or energy can be dis.ribn.ed be.ween a se. 'o Tn^rly 
«evels, Ihc total nun^ber of n.icros.a,e, W associated with any 
conng„ra„on involving distinguishable units is ' 



30 



35 



K'X'J*!) (37.119) 
Jhcre represents the number of „„i,s assigned the same number of 
energy quanta (and. hence occuovinp .1.^ n«"noer ol 

represents tie number ;f u„ ,f:c'c„linrso '""T 
,h. u , occupying some other quantum level 

As the number of units increases, the .otal number of microstates 
skyrockets to unimaginable magnitudes Th..c ^ °""Ostatcs 
assembly of 1000 locali^.H s ' ^" 

ouan., Jocal.zcd harmonic oscillators sharing 1000 enerev 

quanta possesses more than ,0- different microstates This exn,.f 
expansion of ,he total number of microstates with ^ 

. seen., c„„se,„„c. of „„ fc„ i,„p<„„„„ a„,„„;Th„„! 
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^ r F^"iun arises from one comparatively, small sci 

5 c„„fig„„„„„ „„^,^ „„ .iinu,.l, di„„ J 

preilominanl conngur.irio„..„i,h which ii... k 
i*n,ic„ .c, Of ™e™s„pic tCT. ' """"""" 

(37.119) ,s <^»„j, r«, Ihc „.n,b„ 0, j,,,mc, wavs ,ha, 

1 5 ,rr ---- «' — 

ai any given cime distnbu cd over N "Imti:** 

one ». or ,,,,, t» ^-^j--"" 

indistinguishable "links" Of ik» • 

.1.,, . . ' ^ 'mmcnsc total number of microstate^ 

. , . "idny cascades of association *\ta0t-<*' 

elcmcnl . In an embodimw,. ,he acii.a,ion of a r tkn^r i„ 

» <Ji a I cjement resulis in a Joncer half Uf^ iu - 

of "Slap..- ■■«> . P""^' °f ensembles. Each ensemble is comprised 

stages . I> elements", or 'M elements" in different states of -acl^" 
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^vhcrc each state is equivalent ,o a microsta.e of siatisiical 
.hermodynatnics. A predominant configuration ar.ses for any ensemble 
Of the .mmensc total number of nncros.ates that can be assumed by an 
ensemble, an overwhelming proportion arises from one comparatively 
mall set of configurations centered on. and only minutely different fr;m 
.he predomtnan. conflguration-with which they share an empirically 

of couphngs between ensembles increases the activation of the -stages" 
P Clements . or "M elements" comprising the ensembles. Analogously ,o 
siafstrca, thermodynamics, a predominant configuration arises ffom 'the 
ensemble level. Consider the "processor" on a higher level The 
acuvation history of each ensemble relates to a hierarchical aetivaUon 

higher order predominant configurations. The ability fo associate 
information and create novel information, is a consequence. Machine 
learning arises by the feedback loop of transducer input to the coupled 
predommant configurations which increases the basis for creating 
information with novel conceptual content. 
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steps ToTr.T "k''""'"" °' •^"^"'-^ 

steps by one of skill ,„ the art arc considered within .he scope of the 

rcT;L:r"" " -^^^ what 
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CLAIMS 



What is claimed is 
I. 



.nformafon compns.ng data represen,aUve of physical charac.eris.ics or 
rcp.esema,.o„. of physical charac.eris.ics within a„ i„pue con.ex, U,c 
characteristics, the method comprising ihe steps of: 

a.) encoding the data as parameters of at least two Fourier 
components in Fourier space; 

,eri.c ""-^ r'"^ components ,o form a. least two Fourier 

senes .„ Pourjer space, the Fourier series representing the information; 

c. ) samplmg a, leas, one of the Fourier series in Fourier space with 
a filter to form a sampled Fourier series; 

d. ) modulating the sampled Fourier' series in Fourier space with the 
filter to form a modulated Fourier series; 

c.) determining a spectral similarity between the modulated Fourier 
senes and another Fourier scries; i o«rtcr 

f. ) determining a probability expectation value based on the 
spectral similarity; 

g. ) generating a probability operand having a value selected from a 
set of zero and one. based on the probability expectation value- 

h. ) repeating steps a-g until the probability operand has a value of 



One; 



adding the modulated Fourier series and the another Fourier 
series to form a string of Fourier series in Fourier space and 
j.) recording the string of Fourier scries to memory. 

V 

2. The method of claim 1. wherein each Fourier component of the 
30 a^gil" ' '"P"'"*''^' ''^^'^'y' P'»»se 

I ...Ji' H 7'""' ^' '"^ ''^""'^^ Po«"^r space 

IS selected from one of: 
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and 



wherein a,_ is a constant, and are the frequency variables. „. « and 
M arc integers, and N,^. n,^. p^ , and are data parameters selected 
5 from one of: 

i.) each of the data parameters N^^ and N^^ of the Fourier series 

component is proportional to the rate of change of the physical 
characteristic; and 

each of the data parameters p,. and e,, of each Fourier component 
10 .s inversely proportional ,o the amplitude of the physical characteristic; 



1 5 



ii. ) each of the data parameters and of the Fourier series 

component is proportional to .he amplitude of thi physical characteristic- 
and * 

each of the data parameters p,^ and of each Fourier component 
iS inversely proportional to the rate of change of the physical 
characteristic; or 

iii. ) each of the data parameters and AT,^ of the Fourier series 

component is proportional to ,he duration of the signal response of each 
-^0 Iransduccr; and 

each of the data parameters p,^ and z,, of each Fourier component 
IS inversely proportional to the physical characteristic. 

4. . A method of claim 1 wherein the step b further comprises encoding 
2 5 the mpu, comext i„ time as a characterisUc modulation frequency band 

in Founcr space of the Fourier series. 

5. The method of claim 4 wherein the characteristic modulation 
frequency band in Fourier space represents the input context according 
to at least one of a specific transducer or transducer element and 
fundamental relationships including a temporal order, a cause and effect 
relationship, a size order, an intensity order, a before-after order a ton- 
boiioin order, and a left-right order. 
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6- The meihod of claim 5 wherein the transducer has n levels of 
subcomponents and is assigned a master time interval v/ilh n + 1 sub time 
intervals in a hierarchical manner that parallels and corresponds to the n 
levels of the transducer subcomponents wherein the data stream from 
the n ih level transducer sub component is recorded as a function of lime 
in the n + 1 sub time interval and the lime intervals represent lime delays 
which correspond to the characteristic modulation frequency band in 
Fourier space which represents the input context according to the specific 
transducer or transducer subcomponent. 

7. The method of claim 4 wherein the characteristic modulation 
having a frequency within the band in Fourier space is represented by 
r"'^'^^ which cwresponds to the lime delay S({~t^) wherein / is the 
frequency variable, / is the time variable, and is the lime delay. 

8. A method of claim 7 wherein the step b further comprises storing 
the characteristic modulation frequency in a distinct memory location 
within the band encoded as a delay in lime. 

20 9. The method of claim 7, wherein the Fourier series in Fourier space, 
has a characteristic modulation having a frequency within the band 
represented by e'^^^^"^ and is selected from one of: 

and 

Po.i^. I' 2 2 ) \' 2 2 ) 

wherein P,^-y,J,^ is the modulation factor which corresponds to the 
physical lime delay Pft^-^p^Jj^^ is the modulation factor which 
corresponds to the specific transducer time delay . v and v-, arc 
constants such as the signal propagation velocities, a^^ is a constant, 
30 and arc the frequency variables, n, /n, and M are integers, and , 
^m^* Po^» and z^^ arc data parameters selected from one of: 



25 
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i. ) each of the da.a paran.clcrs /V,^ and N^^ of .he Fourier scries 
cotnponenJ is proporCional lo ihe raic of change of ihe physical 
characjeristic; and 

each of ,he daia parameters p,^ and z,. of each Fourier componcnl 
5 « .nverscly proportional to the an.pJitude of Ihe physical characteristic; 

ii. ) each of Ihc data parameters N,^ a«d of the Fourier series 
component is proportional to the amplitude of the physical characteristic; 

I 0 each of the data parameters p.. and of each Fourier component 

•s inversely proportional to the rate of change of the physical 
characteristic; or 

iii. ) each of the data parameters W.^ and of the Fourier series 

component is proportional to the duration of the signal response of each 
1 5 transducer; and 

each of the data parameters and of each Fourier component 
>s inversely proportional to the physical characteristic. 

10 The method of claim 7. wherein the string has a character.stic 
""Xll '"'"'"^ ^ frequency within the band represented by 
^ is selected from one of: 



and 



wherein P,,^ = v, j,^^ ,s the modulation factor which corresponds to the 
physical time delay P^.^ = v,.V.. «he modulation factor which 
corresponds to the specific transducer time delay ,^ . v and v arc 
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or 

10 



constants such as the signal propagation velocities, o^^ is a constant, 
and are the freq«ency variables, n, m. j. M„ and s"are integers, and 
Po„. and are data parameters selected from one of: 

i. ) each of the data parameters A^.,^- and N,_^ of the Fourier series 

component is proportional to the rate of change of the physical 
characteristic; and 

each of the data parameters p,^ and z,^ of each Fourier component 
is inversely^ proportional to the amplitude of the physical characteristic; 

ii. ) each of tl,e data parameters N^^^ and N,^^ of the Fourier scries 

component is proportional to the amplitude of the physical charactcristic- 
and 

each of the data parameters p^^ and of each Fourier component 
is inversely proportional to the rate of change of the physical 
1 5 characteristic; or 

iii. ) each of the data parameters W.^^ and N,^^ of the Fourier series 

component is proportional to the duration of the signal response of each 
transducer; and 

each of the data parameters p^^ and z^^ of each Fourier component 
20 is inversely proportional to the physical characteristic. 

II. The method of claim 10, wherein each Fourier series of the string is 
multiplied by the Fourier transform of the delayed Gaussian filter 

established the association to form the string, wherein the string is 
represented by: 



25 



wherein v.^ and v„ are constants such as the signal propagation 
velocities in the p and i directions, respectively. Es. and JSI are delay 
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parameters and a,^ and «„. arc half-widih pnrameters of a 
corresponding Gaussian filter in ,he p and ^ directions, respectively 

modulation factor which corresponds to the physical 
time delay P>».^ = v^^^/^ _ is the modulation factor which corresponds 
5 to the specinc transducer tin^e delay v,,^ and are constants such 
as the signal propagation velocities, a,^ is a constant. \ and k arc the 
frequency variables. „. m,, and ^ are integers, and N,. N,^ , , 

and z,^ arc data parameters selected from one of: '"'* 

i.) each of the data parameters N,„^ and N,_^^ of the Fourier scries 

0 component is proporUonal to the rate of change of the physical 
characteristic; and 

each of the data parameters p,^ and z,_^ of each Fourier component 

is inversely proportional to the amplitude of the physical characteristic- 
or 

5 ii.) each of the data parameters N,„^ and N,_„^ of the Fourier scries 

component is proportional to the amplitude of the 'physical characteristic- 
and ' 

each of the data parameters p,^ and of each Fourier component 
is inversely proportional to the rate of change of the physical 
0 characteristic; or 

iii.) each of the data parameters and N of the Fourier scries 

component is proportional to the duration of the signal response of each 
transducer; and 

each of the data parameters p,^ and of each Fourier component 
5 is inversely proportional to the physical characteristic. 

12. A method of claim I wherein step b) further comprises creating 
transducer strings by obtaining a Fourier series from at least two selected 
transducers and adding the Fourier series 

0 

13. A method of claim 12 further comprises selecting transducers that 
are active simultaneously. 

14. The method of claim 13 wherein the transducer siring is stored in a 
distinct memory location wherein a characteristic modulation having a 
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frequency wiihin ihc band in Fourier space is represcnicd by 

which corresponds .o ihe time delay wherein / Is the frequency 

variable, / is ihc lime variable, and is the lime delay. 

5 15. The method of claim 14 wherein the step b) further comprises 
recalling any part of the transducer string from Ihc distinct memory 
location which thereby causes additional Fourier scries of the transducer 
string to be recalled. 

10 16. The method of claim 1. wherein the filter is a time delayed 
Gaussian filter in the time domain. 

17. A method of claim 16 wherein the Gaussian filter comprises a 
plurality of cascaded stages each stage having a decaying exponential 

1 5 system function between stages. 

18. A method of claim 17 wherein the Gaussian filter is modulated in 
the time domain to produce a frequency shift of the sampling and 
modulation in the frequency domain. 



20 



19. The method of claim 16 wherein the filter is characterized in time 
by: 



a ^ 



wherein ^ is a delay parameter, a is a half-width parameter, and i is 
2 5 the lime parameter. 

20. The method of claim 19 wherein the filter, in frequency space, is 
characterized by; 

30 wherein ^ and a arc a corresponding delay parameter and a half- 
width parameter in time, rcspcclivcly. and / is the frequency parameter. 
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21. The method of claim 1 wherein the probability cxpcciaiion value is 
based upon Poissonian probability. 

22. The method of claim 21 wherein the probability expectation value 
is characterized by 

wherein P is ihc maximum probability of at least one other Fourier 
series being associated with a first Fourier series, p^^ is a probability of at 
least one other Fooricr scries being associated with a first Fourier series 
in the absence of coupling of the first Fourier scries with the at least one 
other Fourier series, p'^ is a number ihM represents the amplitude of 
spectral similarity between at least two filtered or unfiltcred Fourier 
series, represents the frequency difference angle between at least two 
filtered or unfiltcred Fourier series, and S^, is a phase factor. 

23. The method of claim 22 wherein fl^ is characterized by 

ot^+a',[a, a. 2v.. 2v._ j 



"l=l -.,=1 



and 



correspond to delay parameters of a first and s-th time 



delayed Gaussian filter, respectively, a^ and a, corresponding half-width 
parameters of a first and s-th time delayed Gaussian filter, respectively. 

and A/, are integers, and arc constants, v and v are 
constants such as the signal propagation velocities, and N^^, , , and 
Po^ arc data parameters selected from one of: 

i.) each of the data parameters N^^ and of the Fourier scries 
component is proportional to the rate of change of the physical 
characteristic; and 
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15 



" ) each of ,h= p,„„.,.^ 
coupon... ,s ,„po„„„., ,„^„,^^ ^^^^^^^^ 

each of ihc data parameters p„ and o of a ■ 
... 0' each Fourier component 

Mi ) each of the data parameters Ar„. and A,., of the Fourier series 
component is proportional to the duration of th. c- . 
transducer; and '"P'*"^'= "ch 

each of the data parameters p» and o of ^..k r ■ 

ana p„_ of each Fourier component 
iS invcrsefy proportional to the physical characteristic. 

• The method of claim 22 wherein ^. .s charac.cri.ed by 



24 



and correspond to delay parameters of a first and s-.h time 
delayed Gaussian filter, respectively « nnd /r 

constants such as the signal propagation velocities, a'^d N "'n o and 
Pa, are data parameters selected from one of: P".' 
i.) each of the data parameters and of the Fourier series 

«ob or ,he da.. p„™e,o„ 
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•i.) each of .he data parameters W.. and of .he Fourier scries 
componen, is propor.ional ,o .he nmpUtude of ,he physical charac.eris.ic- 

a fll Q * 

each of ,hc data parameters p,^ and p,^ of each Fourier componen, 
IS inversely proportional ,o the rate of change of .he physical 
characlcrislic; or 

iii.) each of ,he da.a parame.ers AT., and W,, of ,hc Fourier scries 
component is proportional to the duration of ,hc signal response of each 
transducer; and 

each of the data parameters p,^ and of each Fourier component 
.s inversely proportional to the physical characteristic. 

25. The method of claim 22 wherein /?/ is characterized by 



cxp- 



15 wherein P,._=v,^ r.^ and P,„ = ..^ are the modulation factors which 
corresponds lo .he physical time delays r.^ and r,^ . respectively. 

'a., «"^« *c modulation factors which 
corresponds ,o the specific transducer time delay and . 
respectively. v._^ . v^^. and arc constants such as thc"signal 

2 0 propagation velocities. 3^ and JK correspond to delay parameters of a 
firs, and s-th time delayed Gaussia'n niter, respectively, a, and a 
corresponding half-widlh parameters of a first and s-,h time dellycd 
Gaussian filter, respectively. M. and M, are integers. . ^ arc 
constants, v,, and v.. are constants such as ."^e signal propagation 

25 velocMtes. and N^, /v.,.p,^. and p,. are data parameters selected from 



wo 99/34322 



PCT/US98/27624 



117 



iO 



i.) each of .l,c data parameters N^^ and N^^ of the Fourier scries 
component is proportional to the rate of change of the physical 
characteristic; and ^ 

each of ,hc data parameters and p.^ of each Fourier component 
•s^ inversely proportional ,o .he amplitude of the physical characteristic; 

ii ) each of the data parameters N,^ and AT,, of the Fourier series 
component is proportional to the amplitude of the physical characteristic; 

each of the data parameters p.^ and p.. of each Fourier component 

.s -nversely proportional to the rate of change of ,he physical 
characteristic; or i J 

»«.) each of the data parameters ,V„, and N, of the Fourier scries 

« 5 3r;; -p- of each 

each of the data parameters p,^ and p.^ of each Fourier component 
IS inversely proportional to the physical characteristic. 

26. The method of claim 22 wherein ^, is characterized by 



20 



wherein 



P,, = v,_^ r.^ arc the modulation factors which 
corresponds to the physical tim^ delays and r,^ . respectively. 
^A.. - "a,/;*., and P>,„ =v^^ /^_^ are the modulation ' factors which 
corresponds to the specific tr;„sduccr time delay r, and , 
I spccttvcy. . , and arc constants such as the signal 

propagation velocin><; „„j -J^, 

velocities. — - and X_i correspond to delay parameters of a 

first and s-ih time delayed Gaussian filter, respectively, a. and a 

^ . • ^""^V^xtiviXy, w,. and M, arc integers, a, and are 

constants, v,, and ... arc constants such as the signal propagation 
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velochies. and A^,. A-^, a„d arc d.,a paranK^.crs selected from 
one of: 

i.) each of ,he daia parameters and N, of ihc Fourier scries 
component is proporiional to the rate of change of the physical 
characteristic: and 

each of the data parameters p,^ and p,, of each Fourier component 
.s^ .nversely proportional to the amplitude of the physical characteristic; 

5i.) each of the data parameters and of the Fourier series 
component is proportional to tin. amplitude of the physical characteristic; 

each of .he data parameters and p„^ of each Fourier component 
.s mvcrsely proportional to the rate of change of the physical 
characterislic; or 

iii.) each of the data parameters and N^^ of the Fourier series 

Z:Zt, 'ar"'^"' — -h 

each of the data parameters p.^ and p.^ of each Fourier component 
IS mvcrscly proportional to the physical characicristic. 

27. A method of linking at least two Fourier series stored in a memory 
comprising ihc steps of ^ 

a. ) generating a probability expectation value that recalling any 

2 5 Z a. least another 

Fourier series to be recalled from the memory; 

b. ) storing the probability expectation value to memory- 

c. ) generating a probability operand having a value selected from a 
set of zero and one. based on the probabiliiy expectation value, and 

30 the operandt one."^ " ^« "^^ ---^ 

28 The method of claim 27 whereby the probability expectation value 
increases w.th a rate of recalling any part of any of the Fourier series. 

IL recognition and processing information 

comprising ihc sieps of: 
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representing ,he information as a plurality of Fourier series in 
I'Oiiner space; 

forming associations be(ween at least two of the Fourier series by 
";od"'at.ng and sampling the Fourier series with filters and by coupling 
5 the fleered Fourier series based on a probabiluy distribution 
adding the associated Fourier series to form a string, and 
ordering the string. 

31. The method claim 29 wherein the probability distribution is 
Poissonian. 

1 5 32.^ The method of claim I wherein the string is selected from one of 



and 



wherein a,._ is a constant, and k, are the frequency variables. „. , 
A/., and 5 nre integers, and AT..,^ p.^ , and are data parameters 
selected from one of: 

i. ) each of the data parameters N„„^ and /v,,^ of ihe Fourier series 
component is proportional to the rate of change of the physical 
characteristic; and 

2 5 each of the data parameters p.^ and z,^ of each Fourier component 

^s^ inversely proportional to the amplitude of .he physical characteristic; 

ii. ) each of the data parameters W..^ and N,^^ of the Fourier series 

component is proportional to the amplitude of the physical characteristic; 

J *J and 
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each of ihc data parameters p,,^ and of each Fourier componenc 
is inversely proportional to the rate of change of the physical 
charactcrisiic; or 

iii.) each of «,e da.a parameccrs Ar.„^ and A^,.^ of Ihe Fourier scries 

component is propor.ional to the duration of the signal response of each 
transducer; and 

each of the data parameters p.^ and of each Fourier component 
»s inversely proportional to the physical characteristic. 

33. A method of ordering a string representing information using a 
h.gh level memory comprising a set of initial ordered Fourier series 
comprising the steps of: 

a. ) obtaining a suing from a memory; 

b. ) selecting at least two filters from a selected set of filters- 

c. ) sampling the string with the filters such that each of the' filters 
produces a sampled Fourier series, each Fourier scries comprising a 
subset of the string; * 

d. ) modulating each of the sampled Fourier series in Fourier space 
w..h the corresponding selected filter such that each filter produces an 

U order formatted Fourier series; 

c.) adding the order formatted Fourier series produced by each 
niter to form a summed Fourier series in Fourier space; 

f. ) obtaining an ordered Fourier series from the memory 

g. ) determining a spectral similarity between the summed Fourier 
5 series and the ordered Fourier series; 

h. ) determining a probability expectation value based on the 
spectral similarity; 

i. ) generating a probability operand having a value selected from a 
set of zero and one. based on the probability expectation value- 

J.) repeating steps b-i until the probability operand has a' value of 

one; 

k.) storing the summed Fourier series to an intermediate memory 
1.) removing the selected filters from the selected set of filters to 
form an updated set of filters; 



string; 



n^.) removing the subsets from the string to obtain an updated 
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n ) sdecring a„ updated HJ.er fron, U,c upda.cd sc. of f.lcers- 

K tr series comprising a swbsel of the strini;- 

p.) modulating the sampled Fourier scrJc. in f... • 

updated summed Fourier scries in Fourier space- 

^^^^^s.) Obtaining an updated ordered Fourier sc'ries fro. the high ,evel 
«3 "-d _ed 

20 ron.,.- Probabiluy expectation value; 

one or „T r„;r,"^jr;' ^'\-^'^--^y operand has 'a va.ue or 
of filters; f-"' '^e updated set 

X.) if all of the updated filters have been selected before the 
probability operand has a value of on,, .k , 
25 men.ory and returning to step b; ''^ 
y.) if the probability operand has a viln*. /^f 

«p.a,ed Po.,., .„ ::;:::;ir:;r:;'"*"« 
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35. The mchod of claim 33 wherein ,hc ordering is according to one of 
the l,st of: temporal order, cause and effect relationships, size order 
m.cns.ly order, before-af.er order, top-bot.om order, or left-right ^rder. 

36. The method of claim 33 wherein each filter of the set of filters is t 
«.me delayed Gaussian filter having a half-w.d.h parameter a which 
determines the amount of the string that is sampled. 

37. The method of claim 33 wherein each filter of the set of filters is a 
0 time delayed Gaussian f.ltcr having a delay parameter ^ which 

corresponds to a time point. 

38 The method of claim 37. wherein each Fourier series of the string is 
multtphcd by the Fourier transform of the delayed Gaussian filter 

5 represented by e^""^h'^^^'''''l'^'-'^l -^I'-M , 

Tu,- ■ . . "/f wherein the filler 

established the correcl order to form the string, wherein the ordered 
String is represented by: 



wherein and y„, arc constants such as the signal propagation 
velocities in the p and t directions, respectively. E and EI are delay 
parameters and a^, and a„ arc half-width paratnetcrs of a 
corresponding Gaussian filter in the p and z directions, respectively 
P:^-\J-.^ modulation factor which corresponds to the physical 

lime delay is the modulation factor which corresponds 

•o the specific transducer time delay v,,^ and are constants such 

« the stgnal propagation velocities. is a constant.'! and k, are the 
frequency variables. „. m,. and 5 are integers, and N,_„ , N, . p„ 
and arc data parameters selected from one of: 
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i. ) each of the da.a parameters N,„^ and yv..„^ of ,hc Fourier series 
componen, is proportional to the rate of change of ,hc physical 
characteristic; and ' 

each of the data paran^eters p,^ and of each Pourier cotnponent 
^s^ aversely proportional to the amplitude of the physical characteristic; 

ii. ) each of the data parameters A....^ a«, ^..^ of the Fourier series 
component is proportional to the amplitude of the physical characteristic; 

each of the data paran^eters and of each Fourier component 
IS. .nversely proportional to the rate of change of the physical 
characteristic; or 

'ii.) each of the data parameters N,_^^ and A....^ of the Fourier series 
.5 .~rVa„r"'''^"'' " -Po- Of each 

each of the data parameters p,_ ,„d of each Fourier component 
IS inversely proportional to the physical characteristic. 

the string m Founer space is one dimensional in terms of k and is 
represented by ^ 

wherein v.^ a constant such as the signal propagaUon velocity in the p 
direction. ^ is a delay parameter and a,^ is a half-width parameter of 
a corresponding Gaussian filter in the *,-sp3ce. is the 

modu,a.ion factor which corresponds to the specifi"; traL^Ier ,in.e 
'A., v^,^ « a constant such as the signal propagation velodr. 

and /V.,^ and p,^ are data parameters selected from one of 

..) the data parameter N,_^^ of the Fourier series component is 
P.opor^., ,o the^^^^^^^^^ ^^^^^^^^^^^^^^ 

V rameicr p,^ of each Fourier component is inversely 
proportional to the amplitude of the physical characteristic; or 
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.au pa«.c,er ...^ of the Fooricr seHes co.ponen. is 

■'^'''TV: %z^^ 

proporuonal ,o ,he race of ^'h '"^^"^'^ 

P ameier N,,,^ of the Fourier series component is 
proportional to the duration of ,h» . '"Ponent js 

duration of .he s.gnaj response of each transducer; 

the data parameter of each Fourier component is inversely 
, 0 P-P-^'-^J to the physical characteristic. ' 

r j^uprroii^^^^^^^^^ -p^-tion ... 

'5 .'' cha^cUX^' ''^^^^'"■"•^ value 

difference angle between 7. ' '"'^'""^^^ 

A. is a ptsc ^"'^ - -fi'«ered Fourier series, 

25 

42. The method of claim 41 wherein /}' ic .i. 

, I — TT-v *'"crein ,s characterized by 



exp- 
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wherein p = v / an/i > . 

V'-. =V''-. ""^ modulation factors which 

corresponds to .he physic.. ,i„,e delays and , respectively. 

X'^-, '"""^ Pfi^, = ^a»/a„ arc the modulation factors which 
corresponds lo the specific tr'ansducer time delay /^^ and ,^ . 
respectively. v,_ . v, , . and v^^ are constants such as ihc'sigoal 
propagation velocities, f and f correspond to delay paran,e.ers of a 
f.rs. and s-.h ,i„>e delayed Gaussian filter, respectively, a, and a 
corresponding half-width parameters of a first and s th t.m. hi'-. 
Gausstan filter, respectively. A,, and M. are intege" s. T are ' 
constants. and are constants such as the signal JropLntion 
velocities, and A' /V n «nH ^ ^ ^ H vptft«»"on 

^-H' ^...Po,, and p,^ are data parameters selected from 

one of: 

i.) each of the data parameters N,^ and of the Fourier series 
componen, is proportional to the rate of change of the physical 
characteristic; and 

each of ihe data paramelers and p.^ of each Fourier componen, 
- inversely proport.onal to the amplitude of the physical characlcris.ic; 

n.) each of the data parameters W,. and AT., of the Fourier series 
component is proportional to .he amplitude of the physical characteristic; 

each of the data . parameters p,^ and p.^ of each Fourier component 
.s inversely proportional to the rale of change of the physical 
characteristic; or 

iii.) each of the data parameters N,^ and AT, of the Fourier series 

3::rVanr^""^' " '"^ ^'^-^ Of each 

each of the data parameters p,^ and p.^ of each Fourier componen, 
.s inversely proportional ,o the physical characteristic. 

43. The method of claim 41 wherein ^, is characteriied by 
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wherein 



=»"<^ ^•-r\X. niodiilalion factors which 

corresponds to the physical lime delays and r,^ . respccUvely. 

^"^ ^^X'^ "'^ modulalion factors which 
5 corresponds to the specific transducer time delay r^ and , 

respectively, v,^ , ..^ . , a„d ^rc constants such as ,he""signal 

propagation velocities ami ^, , 

I' b ocHies. — - and — - correspond to delay parameters of a 

first and s-.h time delayed Gaussia'n fiher. respectively, a, and « 
corresponding half-width parameters of a first and s-ih time dellved 
0 Gaussran Hlter. respectively. and are integers. Z ^ 
constants. and v„. are constants such as the signal p'ropagad^n 
velocu,es. and A..., ^..p.^, and p.. arc data parameters selected from 
one of: 

i.) each of the data parameters N,^ and A^. of the Fourier scries 
5 component is proportional to the rate of change of the physical 
characteristic; and 

each of the data parameters and of each Fourier component 
« mversely proportional to the amplitude of the physical characteristic; 
0 ii.) each of the data parameters /^., and of the Fourier series 

component is proportional to the amplitude of the physical characteristic; 

a Ji (J 

each of the data parameters p.^ and p.^ of each Fourier component 
is mversely -proportional ,o the rate of change of the physical 
characteristic; or 

iii.) each of the data parameters and N, of the Fourier series 

component is proportional to the duration of the Mgnal response of each 
transducer; and 

each of the data parameters p,^ and p,. of each Fourier component 
»s inversely proportional to the physical characteristic. 
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44. A system for pancn, recognition and processing comprising- 
an ,npn, layer that receives data reprcsemativc of physical 
charac.c„s..cs or reprcscn.a.ions of physical characteristics wi hL .n 
> nput context of the physical characteristics and transforms the data „,o 
I.o„r,er senes in Pourier space wherein the input context is encoded „ 
t.me as delays corresponding to modulation of the Fourier series at 
corresponding frequencies; 

a memory comprising a se, of initial ordered Fourier series- 

an association layer that receives a plurality of the Fourier 'series in 

rouner series, and stores the string in memory: 

a predominant configuration layer that receives multiple ordered 
tnngs from the memory, forms complex ordered strings from the 

acTvlf T'"' "'<='"ory. and 

activates .he components of any of the layers of .he sys.em. 

comprilr.he' ''r""" ''^"""'"^ 
comprising the sieps of; 

..) lencraiing .„ „,iv»,i„„ p,ob.bilii, psn>me,„ bas^i a prior 

rate of the corrcspondrng component; 

b.) storing the activation probability parameter in memory- 
set of';/'"'T'"' ^ ''"'"^ "^^'"^ ' *^'«cted from a 
set of zero and one. based o„ .he activation probability parameter. 

d. ) activating any component of one or more of the group consisting 

predominant configuration layer. ,he activation being based on the 
act.vat.on probability parameter, and 

e. ) repeating steps a-d. 

46. A computer-readable medium on which is stored a computer 
program for providing a me.hod for pat.ern recogni.ion and processing of 
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inp». co„,ex, of ,h/Xl r ■ wi,hi„ a„ 

componcnis in Fourier space- 

series ;i'„ztrrr ^ 

h ) rcpeaiinp ;. Probabili.y expectation value; 

2 0 one; ""'""^ ^'^^^ ^''<^ P-»»bnity operand has a value of 

series .o'f^:^;t7^" ''"'^ --'^^ Po«„-er 

J™ « """g of Founcr series in Fourier space, and 
J.) record.„g ,hc string of Fourier series to n,emor;. 

25 47.. A computer-readable medium on which is stnr.rf , 
progran, for providing a n.e.hod of ordli g a stwl e 
information usine a h.«h • ^"""'g ^ strmg representing 

maintaining a s" , of ni.ia. hT?* '"^"'^'^ 

co^,prising^„s.r:c.:n : eh rr ^^-"^-'^^ 

30 Ihe steps of: ' » perform 

a.) obtaining a string from a memory 

J5 of the siring: '"''^^ comprising a subset 
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J29 

d. ) modulating each of the sampled Fourier series in Fourier space 
wHh Che corresponding selected filter such thai each filter produces an 
order formatted Fourier series; 

e. ) adding the order formatted Fourier series produced by each 
5 filler 10 fonn a sumnied Fourier series in Fourier space; 

f. ) obtaining an ordered Fourier series from the memory; 

g. ) deiennining a spectral similarity between the summed Fourier 
scries and the ordered Fourier series; 

h. ) determining a probability expectation value based on the 
1 0 spectral similarity; 

i. ) generating a probability operand having a value selected from a 
set of zero and one, based on the probability expectation value; 

j.) repeating steps b-i until the probability operand has a' value of 

one; 

k.) storing the summed Fourier series to an intermediate memory; 
1.) removing the selected fillers from the selected set of filters to 
form an updated set of fillers; 

m.) removing the subsets from the string to obtain an updated 
siring; 

n.) selecting an updated filter from the updated set of fillers; 

0. ) sampling the updated string vnth the updated filter to form a 
sampled Fourier series comprising a subset of the string; 

p.) modulalmg the sampled Fourier series in Fourier space with the 
corresponding selected updated filler to form an updated order 

2 5 formatted Fourier series; 

q.) recalling the summed Fourier series from the intermediate 
memory; 

r.) adding the updated order formatted Fourier series to the 
summed Fourier scrits from the intermediate memory to form an 

3 0 updated summed Fourier scries in Fourier space; 

s.) obtaining an updated ordered Fourier series from the high level 
memory; 

1. ) determining a spectral similarity between the updated summed 
Fourier series and the updated ordered Fourier scries; 

u.) determining a probability expectation value based on the 
spectral similarity; 
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V.) generating a probability operand having a value selected from a 
set of zero and one. based on the probability expectation value; 

w.) repeating steps n-v until the probability operand has a value of 
one or all of the updated niters have been selected from the updated set 
5 of filters; 

X.) if all of the updated filters have been selected before the 
probability operand has a value of one then clearing the intermediate 
memory and returning lo step b; 

y.) if the probability operand has a value of one, then storing the 
10 updated summed Fourier series to the intermediate memory; 

2.) repeating steps 1-y until one of the following set of conditions is 
satisfied: the updated set of fillers is empty, or the remaining subsets of 
the stnng of step m.) is nil; and 

aa.) storing the Fourier series in the intermediate memory in the 
1 5 high level memory. 

48. A computer-readable medium on which is stored a computer 
program for providing a method for forming complex ordered strings, ihe 
computer program comprising instructions which, when executed by a 

20 compmer, perform the steps of: 

a. ) recording ordered strings to a high level memofy; 

b. ) forming association between Fourier series of the ordered 
strings lo form complex strings; 

c. ) ordering ihe Fourier series of the complex strings to form 
2 5 complex ordered strings, and 

d. ) storing the complex ordered strings to the high level memory. 

49. A computer-readable medium on which is stored a computer 
program for providing a method for forming a predominant 
configuration, the computer program comprising instructions which, 
when executed by a computer, perform the steps of: 

a. ) generating an activation probability parameter based a prior 
activation probability parameter and a weighting based on an activation 
rate of the corresponding component; 

b. ) storing the activation probability parameter in memory; 

c. ) generating a probability operand having a value selected from a 
SCI of zero and one. based on the activation probability paramcier; 
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d.) activating any component of one or more of the group consisting 
of an inpwt layer, an association layer, a string ordering layer, and a 
predominani configuration layer, the activation being based on the 
activation probability parameter, and 
5 e.) repeating steps a-d. 

50. A computer program product for pattern recognition and processing 
of mformaUon for use in a general purpose computer including a central 
processing unit and a memory, the memory maintaining a set of initial 
ordered Fourier series, the computer program product comprising: 
a computer readable medium; 

program code means embodied in the computer readable medium, 
the program code means comprising: 

means for receiving data representative of physical characteristics 
or representations of physical characteristics within an input context of 
the physical characteristics and transforming the data into a Fourier 
series in Fourier space wherein the input context is encoded in time as 
delays corresponding to modulation of the Fourier series at corresponding 
frequencies; 

means for receiving a plurality of the Fourier series in Fourier 
space including at least one ordered Fourier series from the memory, 
forming a siring comprising a sum of the Fourier scries and storing the 
string in memory; 

means for retrieving the string from memory, ordcriiig the Fourier 
scries contained in the string to form an ordered string and storing the 
ordered string in memory; and 

means for retrieving multiple ordered strings from the memory, 
forming complex ordered strings from the ordered strings and storing the 
complex ordered strings to the memory. 
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